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AOTHCR»S  NOTE 


The  contents  of  the  book  by  Ye.  M.  Gubarev  and  N.  N. 

Ivanovskiy,  Biochemistry  of  the  Plague  Bacillus .  ranges  far  beyond 
the  frame  of  reference  set  by  tine  title:  in  addition  to  summariz¬ 
ing  the  literature  material  and  the  authors*  own  investigations  on 
the  chemical  composition  and  the  biochemical  activity  of  the  plague 
and  other  similar  bacilli,  the  book  contains  much  general  informa¬ 
tion  on  the  biology  and  evolution  of  the  plague  causative,  its 
pathogenesis,  and  the  clinical  aspect  of  plague  infection.  Although 
this  information  is  presented  in  general  farm,  the  book  can  serve 
as  an  introduction  to  a  mare  detailed  study  of  the  problem  in  the 
original  sources.  In  this  regard  the  extensive  and  carefully  compiled 
literature  list  included  in  the  book  will  be  of  great  benefit. 

These  qualities  make  the  book  profitable  and  interesting  not 
only  for  a  narrow  circle  of  specialists,  bub  also  for  many  lovers 
of  natural  science  and  medicine. 
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Plague  has  been  a  monstrous  menace  to  mankind  both  in  anti¬ 
quity  as  wall  aa  nob  Vary  long  ago. 

The  Aaiati c -Eur  ope an  epidenio  of  the  Ujth  Century  took  more 
than  65  million  people*  Curing  the  course  of  this  epidenio  about 
one-fourth  of  the  entire  population  of  Europe  perished*  It  bee 
been  only  in  the  20th  Century  through  gradually  developed  arrti- 
epidenLc  measures  that  it  has  been  possible  to  sharply  cut  down 
the  motor  of  fatalities  from  the  still  numerous  epidenio  outbreaks 
of  plague  infection*  Mortality  from  the  plague,  amounting  to 
25-fl(#  for  the  bubonic  farm  and  UX#  far  the  pneumonic  form,  has 
been  greatly  reduced  only  durire  the  last  15  years* 

At  present,  beginning  with  the  successes  of  chemotherapy, 
and  subsequently  owing  to  the  use  of  antibiotics  mortality  from 
the  plague  can  be  reduced  to  practically  aero  when  early  and  pro¬ 
per  treatment  is  carried  out.  It  is  difficult  to  point  to  any 
other  such  examples  of  success  in  the  struggle  of  man  with  the 
hostile  forces  of  nature* 

Beginning  from  1938,  when  sulfani  land.de  preparations  began 
to  be  used  in  the  treatment  of  the  plague,  an  essential  turning 
point  in  the  treatment  of  this  disease  was  recorded*  Bub  even 
such  powerful  agents,  as  sulfathiaaole,  sulfadimezina,  and  sul- 
famsraeine,  have  afforded  favorable  results  only  far  the  treatment 
of  the  bubonic  form  of  plague*  The  introduction  of  antibiotics  in 
the  postwar  years  into  therapeutic  practice  has  made  possible  an 
alleviation  of  the  severity  of  prognosis  in  plague  victims*  At 
the  present  the  high  effectiveness  of  streptcaycine  for  primarily 
pneumonic  plague  and  for  septicaemlc  plague  has  been  conclusively 
established* 
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Other  antibiotics  —  chloramphenicol  (chlorooycetin)  and 
terraraycin  (oxytetracycllne)  —  have  shown  approximately  the  sane 
effectiveness* 

However,  in  spite  of  many  reports  of  cures  of  almost  all 
victims  of  any  form  of  the  plague  in  individual  epidemic  outbreaks, 
we  must  never  wholly  remain  content  with  the  successes  achieved  and 
with  the  availability  of  antibiotics.  Various  irdcroorganismB, 
including  also  the  plague  bacillus,  have  the  ability  of  forming 
varieties  which  are  resistant  to  streptomycin  and  to  other  anti¬ 
biotics*  This  does  not  exclude  the  possibility  of  forming,  for 
example,  streptomycin-resistant  plague  bacilli  not  only  artificially, 
but  also  under  natural  conditions,  the  possibility  of  infection 
of  man  by  streptomycin-resistant  strains  of  the  plague  bacillus, 
although  the  emergence  of  strains  simultaneously  resistant  to  many 
antibiotics  appears  improbable*  Therefore,  the  moat  important 
problems  to  be  dealt  with  are  as  follows:  discovery  of  the 
mechanism  of  action  of  antibiotics  on  plague;  the  mechanism  of  the 
formation  of  drug-resistant  strains  of  the  plague  bacillus;  the 
development  of  methods  of  suppressing  or  eliminating  this  resis¬ 
tance;  and  research  into  new  chemotherapeutic  agents*  It  is 
unnecessary  to  state  that  the  solution  of  such  problems  is 
possible  only  on  the  basis  of  profound  understanding  of  the 
biochemistry  of  the  plague  bacillus. 

There  are  also  other  not  less  important  problems  that 
must  be  ihced  in  combatting  plague  infection,  the  solution  of  which 
is  also  inconceivable  without  careful  research  into  the  biochemistry 
of  the  plague  bacillus*  Thus,  the  experience  of  many  specialists 
armed  with  modem  methods  of  treating  plague  includes  cases  of 
patient  mortality  even  after  the  complete  annihilation  of  the 
bacilli  in  the  b1 ood  and  the  tissues  of  the  affected  organs*  In 
these  instances,  usually  occurring  as  a  result  of  delayed  initial 
treatment,  the  patient  dies  from  intoxication  caused  by  the  plague 
bacillus.  This  intoxication  occurs  in  attacks  by.  any  form  of  the 
rh  'I've ,  Consequently,  controlling  intoxication,  in  all,  and  not 
only  in  the  instances  of  the  disease  that  are  dangerous  to  ‘Ufe 
tvn  urgent  modern  problem  of  plague  treatment*  Toxins  cf  the 
pi)  i>uc  bacillus,  both  those  exhibiting  antigenic  properties  as 
well  aa  those  which  are  nonspecific  toxic  substances,  formed  by 
hhJ,  Microbe,  require  specially  careful  biochemical  research, 
since  this  problem  has  up  to  now  not  been  satisfactorily  illumL- 
natvd. 
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Based  on  the  above  stated  facts  we  have  been  convinced  that 
now  mare  than  ever  it  is  necessary  to  sum  up  the  results  of  bio¬ 
chemical  knowledge  of  the  plague  bacillus  in  order  to  concentrate 
efforts  in  solving  the  problems  lying  ahead.  Without  fear  of 
overstatement.,  it  can  be  said  that  ti.j  complete  solution  of  the 
main  problems  related  to  the  modern  successful  treatment  of  the 
plague  lies  along  the  approaches  of  the  most  extensive  use  of 
methods  of  biochemical  research  which  have  successfully  been 
mastered  by  microbiologists. 

Considering  the  special  character  of  this  study,  we  recconend 
that  the  reader  examine  several  monographs  on  the  general  bio¬ 
chemistry  of  bacteria,  published  in  recent  years  in  the  Russian 
language  i  7.  S.  Gostev,  Biochemical  Foundations  of  Medical  Bacteri¬ 
ology  (published  by  the  Acadery  of  Madicaif  3  c&encas ,  tiS&t,  1951)$ 

Ye,  M.  Gubarev*  Bacterlochemistry  (Kedgiz  Ukrainian  SSR,  1952)$ 

M.  3.  Stefenaon,  Metabolism  of  Bacteria  (Foreign  literature  Pub¬ 
lishing  House,  Moscow.  195l) s  Physiology  of  Bacteria  (Foreign 
literature  Publishing  House,  rioscdv,  155W.  reader*  s  famili¬ 

arity  with  even  one  of  the  suggested  books  will  considerably 
facilitate  his  understanding  of  the  present  monograph. 
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Proa  the  moment  that  Tarsia  Isolated  the  causative  organlsa 
at  the  plague  (I89I*)  and  during  the  course  of  the  subsequent  pears 
researchers,  cultivating  the  plague  bacillus  under  various  ecadl- 
ticns  and  in  various  artificial  nutritive  Media,  observed  changes 
in  the  form  both  of  individually  isolated  bacterial  oelle,  aa  veil 
as  of  their  colonies*  In  this  connection,  sianltaaeously  with 
the  mcrphologloal  changes  several  features  characteristic  of  the 
plague  bacillus  —  its  tinctorial  properties,  virulancy,  anti¬ 
genicity,  and  many  others  —  also  changed  to  a  greater  or  lesser 
extent*  Part  of  these  bacillus  signs  sere  lost,  for  example, 
virulency,  while  part  on  the  other  hand  ears  acquired,  for  example, 
the  ability  to  multiply  from  small  culture  bat  dies,  etc.  All 
these  diverse  appear  for  the  plague  bacillus  during  its  cultiva¬ 
tion  in  artificial  nutritive  media,  that  is,  in  a  medium  habitat 
that  Is  new  far  the  microbe. 

Much  material  of  the  nature  indicated  exists  in  studies 
from  the  end  of  the  l?th  and  the  beginning  of  the  20th  oenturies, 
dedicated  to  prcblasm  related  to  the  study  of  plague  Infection. 
Thus,  far  exaaple,  N.  N.  Vesternik  (l),  growing  the  plague  bacillus 
under  an  anaerobic  and  aerobic  conditions,  described  in  detail  the 
changes  occurring  in  the  culture* 

Many  authors  have  directed  attention  to  the  formation  of 
the  adult  farms  of  the  plague  bacillus  when  it  is  cultivated  in 
a  nutritive  medium  with  high  sodium  chloride  content. 

Investigations  of  this  period  are  fact ori ally  descriptive 
in  character  and  are  presented  In  a  non-syetemati?  crude  form* 


The  large  amount  of  accumulated  experimental  material  on  the 
mutability  of  the  plague  bacillus  was  verified  and  considerably 
enlarged  upon  by  the  later  observations  of  K.  P.  Pokrovskaya, 

A.  A.  Bessonovaya,  la.  I.  Korobko vaya,  N.  N.  Zhukov  -  Verezhnikov, 

G.  N.  Lenskaya,  7,  K.  Tumansldy,  and  others.  These  authors  described 
the  enormous  of  plague  bacillus  forms,  which  they  were  able 

to  obtain  as  a  result  of  repeated  sub culturing  in  artificial 
nutritive  media,  and  also  through  the  action  of  bacteriophage. 

A  survey  of  the  factual  data  on  this  problem  is  available  in  a 
monograph  by  V.  M.  Tumanskiy,  (2). 

These  studies  served  to  establish  the  so-called  process  of 
dissociation  of  the  plague  bacillus  culture  into  coarse  and  smooth 
varieties.  Prom  these  the  authors  isolated  many  transitional 
forms,  and  countered  on  the  transformation  route  of  the  typical 
natural  virulent  course  form  into  the  atypical,  svirulent  smooth 
form.  The  same  process  of  formation  of  smooth  form  from  the  coarse 
was  regarded  as  a  consequence  of  unfavorable  conditions  in  which 
the  plague  bacillus  existed.  Finally,  the  problem  of  the  profoundly 
occurring  mutability  of  the  plague  bacillus  beyond  the  limits  of 
dissociation,  was  formulated.  This  mutability  is  observed  in 
cultures  of  old  museum  strains,  subjected  to  frequsnt  subculturing 
in  artificial  nutritive  media  over  a  long  period.  These  changes 
of  the  plague  bacillus  proceed  along  the  path  of  similarity  with 
the  properties  of  the  pseudotubercular  bacillus  and  with  the 
passage  of  time  advance  so  far  that  the  problem  of  the  possible 
transition  of  the  plague  bacillus  into  the  pseudotubercular  arose. 

During  the  second  period  of  the  progress  in  understanding 
the  mutability  of  the  plague  bacillus  first  and  foremost  were 
chiefly  the  morphological  properties  of  the  variety j  the  biochemi¬ 
cal  characteristics  of  the  newly  obtained  forms  reduced  to  the 
constancy  that  the  R -for me  in  the  biological  sense  were  generally 
less  active  than  the  S -forms.  The  morphological  properties  of 
numerous  forms  of  the  plague  bacillus  were  described  in  the  utmost 
detail,  Mary  observations  of  this  period  (for  example,  the  pigment- 
containing  cultures  of  the  plague  bacillus)  were  regarded  as  rare 
instances,  which  the  authors  were  not  able  to  reproduce .  Research¬ 
ers  explained  them  by  the  "spontaneous"  change  of  the  culture , 
occurring  as  a  result  of  its  prolonged  storage  without  subculturing, 
partial  subculturing,  or  under  the  action  of  a  bacteriophage. 
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Summing  up  the  results  of  the  successes  in  descriptive  mor¬ 
phology  of  this  period  of  progress  in  elucidating  the  mutability  of 
the  plagre  bacillus,  G.  N.  Lenskaya  (3)  in  his  monograph  presented, 
a  detailed  treatment  of  the  existing  material  on  this  problem. 

The  problem  ctf  the  mutability  of  the  plague  bacillus,  appear¬ 
ing  Initially  basically  as  purely  morphological,  has  been  given 
subsequent!  ally  a  new  biochemical  direction. 

1  third  period  in  the  study  of  the  plague  bacillus  set  in  — 
the  functionalwacrphological  period. 

The  unity  of  biochemical  processes  in  the  cell  frequently 
is  noted  in  the  literature  and  now  is  a  widely  known  position. 

ftw  processes  of  intracellular  metabolism  involved  the  parti¬ 
cipation  of  substances,  in  coanon  for  all  cells  of  plant  and  animal 
origin,  however,  not  all  of  these  substances  are  capable  of  being 
independently  synthesised  by  tint  cells.  The  nutrient  substances  of 
the  cell  are  obtained  from  without  and  in  a  ready  farm  or  in  the 
form  of  by-products  from  which  the  usable  substances  oan  be  more 
easily  obtained. 

The  above  considerably  eases  the  task  of  studying  the  bio¬ 
chemistry  of  the  plague  bacillus. 

At  present  the  biochemical  processes  in  tie  plague  bacillus 
cannot  be  Investigated  without  taking  into  account  its  substantial 
and  sharply  pronounced  variability  in  morphological  features.  The 
range  of  intraspecies  mutability  is  so  great  that  even  experimental 
microbiologists  frequently  experience  difficulties  in  diagnosis, 
when  they  are  dealing  with  old  laboratory  strains  of  the  plague 
bacillus. 

Ifeither  data  relating  to  the  chemical  composition  of  the 
plague  bacillus,  nor  its  so-called  biochemical  properties,  that  is, 
the  conventional  indices  of  metabolism  can  be  regarded  independently 
of  the  varieties  with  which  the  author  must  deal,  tbderestlmating 
the  vartftW.11.ty  of  the  plague  bacillus  is  an  explanation  for  the 
many  apparent  contradictions  in  its  properties,  which  researchers 
have  iudu.rtc-do  Actually  the  contradictions  often  do  not  exist. 
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since  the  anther  frequently  study  strains  of  the  plague  bacillus  vhloh 
sharply  differ  in  their  morphological  features  and  biochemical 
properties. 

In  the  present  monograph!  in  addition  to  other,  no  less 
important  problems,  an  attiugt  will  be  made  to  sunmariae  the  data 
dealing  vith  the  biochemical  properties  of  the  plague  bad  Has  and 
to  undertake  a  biochemical  analysis  of  its  numerous  varieties. 

Sam  material  In  the  present  work  is  being  published  here  for  the 
first  time. 
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Systematic  and  couplets  information  on  tbs  chemical  coapo- 
sltlon  of  ths  cells  of  the  Paste  urella  pestle  hove  not  been  pub¬ 
lished  in  our  own  nr  In  the  foreign  literature*  Investigations 
into  this  problem  are  fragmentary  in  the  sense  that  they  deal  with 
the  study  of  not  ail  bub  only  several  of  the  cell  components*  The 
first  efforts  in  studying  ths  composition  o2  the  P«  pestis  colls 
were  associated  with  the  efforts  of  researchers  to  obtain  fro*  a 
given  bacillus  those  of  its  constituents  which  exhibited  ths 
properties  of  antigens,  which  could  be  used  fur  inmniaatien* 

In  a  study  by  Lustig  and  (lalsotti  (U)  it  was  first  noticed 
that  plague  bacilli  readily  and  completely  dissolved  upon  adding 
potassium  hydroxide  up  to  a  concentration  of  ]£•  Upon  acidifying 
these  produsts  of  cell  decomposition  with  acetic  acid,  a  precipi¬ 
tate  separated  fro*  the  solution,  called  nucleoproteid,  exhibiting 
antigenic  and  trade  properties.  The  nucleoproteid  of  Lustig  and 
Qalaotti  were  suggested  by  them  in  obtaining  antlplaguo  horse  serun 
and  for  a  long  time  was  used  for  this  purpose  in  various  anti- 
plague  institutions.  The  chemical  composition  of  this  nucleoproteid 
has  remalnod  thus  far  unknown. 

Frccoi  the  cells  of  P.  pestis,  killed  each  chloroform,  S.  Rowland 
0>)  extracted  using  a  $%  sodium  sulfate  solution  a  toxic  protein 
substance,  discovered  to  Include  adenine  and  guanine,  which  led  the 
author  to  prapom  the  nucleoproteidic  nature  of  the  protein  produced. 
The  Rowland  rmcieoprcteid  exhibited  immunising  properties. 

Ho  I»  O.r/a^iow  (6)  obtelned  from  a  J^-4ay  cultuxa  on  neat- 
vper  a  dry  preparation,  of  plague  bacilli,  in  which  6.8£ 

Mpidt. ,  t;-  ;,var»l  ■  ?,  Ly  ether  and  two  probata  fraatiosewer©  fouads 
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Ye,  M.  Gubar av  and  N.  M.  Skoraarovskdy  (7)  found  S.5£  ether - 
extracted  lipid  content  in  the  cells  of  P.  pestis,  produced  from 
a  seven-day  culture  in  Marten's  broth* 

The  first  efforts  to  systematically  study  the  chemical  com¬ 
position  of  the  plague  bacillus  was  a  study  of  A.  Bystrenin  (8). 
According  to  his  data,  the  plague  bacillus,  on  a  dry  wight 
basis,  consists  of  8l|..l$  protein  (based  on  nitrogen),  3.7$ 
lipids,  3*6$  ash,  and  8-6 %  unknown  substances* 

The  protein  content  calculated  by  A.  Bystrenin  in  the 
plague  bacillus  undoubtedly  is  exaggerated,  since  not  all  the 
bacilli  is  completely  deprived  of  the  ability  to  effect  an  increase 
in  the  opsonic  index  in  vaccination.  Shrivastava  (14)  isolated 
this  nucleoproteid  from  the  diaolved  portion  of  the  Haffldne  anti- 
plague  vaccine*  This  substance  reacts  strongly  with  antiplague 
serum,  but  it  is  difficult  to  isolate  from  the  nonspecific  proteins 
present  in  the  nutrient  medium.  In  order  to  facilitate  this 
separation,  Rao  (l£)  used  a  non-protein  gelatine  tydrolystat 
for  the  cultivation  of  ?•  pestis.  Later  Hiller  and  Johnson  (16) 
used  a  casein  hydrolysate  medium  for  this  sane  purpose. 

As  the  result  of  the  above  indicated  research  it  was 
established  that  one  of  the  protein  of  P.  pestis  is  very  unstably 
associated  with  the  cells,  and  easily  enters  the  nutrient  medium 
during  the  course  of  a  three -day  cultivation.  This  protein  was 
shown  to  be  serologically'  active. 

Baker  and  his  colleagues  (17)  isolated  two  protein  fractions 
from  the  P.  pestis  cells,  grown  in  three  days  on  an  agar  radium. 

Both  fractions  were  obtained  from  a  suspension  of  the  bacilli 
that  had  been  washed  free  of  agar  with  a  physiological  solution  of 
sodium  chlorides.  Che  of  the  fractions  was  soluble  the  other  — 
insoluble  in  water.  The  same  authors  (18)  described  the  isolation 
and  properties  of  two  antigenic  fractions  from  the  water-soluble 
portion  of  the  plague  bacilli.  The  cultures  were  killed  with  acetone 
and  then  the  antigens  were  extracted  from  then  by  a  neutral  salt 
solution.  Prom  the  water-salt  extract  a  fraction  1-A  containing 
a  carbohydrate  associated  with  a  specific  protein  was  isolated  by 
ammonium  sulfate.  This  fraction  is  a  viscous  noncrystallizing  sub¬ 
stance.  Through  purification  it  was  possible  to  liberate  it  from 
the  carbohydrate  and  the  isolated  protein  substance  was  called 
fraction  M3,  which  was  obtained  in  the  form  of  a  crystalline 
preparation.  Both  fractions  exhibited  similar  iMmunizing  properties. 


serving  as  powerful  antigens  in  the  iurnmiaation  of  nice  and  rats* 
but  for  guinea  pigs  the  immunity  from  either  fraction  proved  to 
be  weak*  Both  fractions  did  not  show  toxicity.  In  addition  to  the 
above-mentioned*  a  toxic  fraction  was  isolated  from  the  water- 
soluble  portion  of  the  culture*  Finally*  it  was  established  that 
the  water-soluble  precipitate  of  the  bacilli  contains  antigens 
capable  of  inducing  a  relatively  high  degree  of  imcunity  in  guinea 
pigs. 


Seal  (19)  obtained  soluble  specific  proteins  from  virulent 
and  svirulent  strains  of  P.  pestle,  and  also  from  the  oells  of  P. 
pseudotuberculosis «  All  the  strains  were  cultivated  over  a  ^-day- 
period  at  28°  in  a  medium  containing  casein  hydrolysate  •  The  pro¬ 
teins  were  obtained  from  cultured  nonoellular  filtrates  by  the 
method  of  salting  out  with  soil  tea  sulfate  and  ammonium  sulfate 
or  by  acetic  add  precipitation.  In  the  latter  case  protein  were 
obtained  which  were  serologically  lass  active  in  comparison  with 
the  salted-cut  proteins* 

From  each  filtrate  in  the  salting  with  sodium  sulfate  high 
fractions  were  obtained*  Salt  was  added  to  the  bacterial  filtrate 
until  completely  saturated*  but  the  precipitate  formed  was  dissolved 
in  distilled  water  and  precipitated  by  $C fS  sodium  sulfate  (the 
fraction  P-l/2)*  The  filtrate  from  this  precipitation  was 
saturated  by  the  same  salt  and  ths  fraction  P-l-l/2  was  isolated. 
Fart  nitrogen  can  be  regarded  as  proteinic.  According  to  the  data 
of  this  same  author*  the  lipids  of  P.  peatis  are  deep  yellow  in 
color  and  have  a  sharply  unpleasant  odor.  Ths  ptywiocochemical 
properties  of  the  lipids  of  ths  plague  bacillus  are  as  follows  t 
malting  point  —  1*0°,  iodine  number  —  27*7-29,6,  and  saponification 
number  —  169-188. 


Bystreirln  computed  the  average  molecular  weight  of  the  fatty 
ai'iiis  included  in  the  cocposition  of  the  plagra  bacillus  lipids. 

It  proved  to  bo  equal  to  302.  The  author  also  stated  that  the 
1;  onifj'ct' ion  number  of  the  plague  bacillus  lipids  coincides  almost 
Xecisoly  with  the  saponification  mxnSber  of  the  triglycerides  of 
stearic  and  arachidic  adds.  The  low  iodine  number  of  the  P,  pestis 
lipids  points  to  their  low  content  of  unsaturated  fatty  adds. 
Ruwevor,  duw  to  the  fact  that  the  author  dried  thB  microbes  at 
lOO-lX&o,  a  portion  of  the  unsaturated  fatty  adds  were  possibly 

r/Xj&Sedr 
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N.  N.  Ivanovskiy  (9)  investigated  in  more  detail,  using 
fractions,  the  nitrogen  and  phosphorous  -containing  substances  of  the 
plague  bacillus  (the  strain  grown  on  the  Chottinger  agar  at  pH  s  7.1 
and  28°,  a  two-day  culture). 

Presented  below  is  the  composition  of  the  air-dried  defatted 
preparation:  total  nitrogen  —  13.3^,  nitrogen  of  the  humous  sub¬ 
stances  —  0,13%)  armonia  —  0.8356,  laomoandnoadd  —  7.14$)  dia- 
cdnoacid  —  2%,  purine  and  pyrimidine  bases  —  1*6886,  total 
phosphorous  —  1.3$,  lipid  phosphorous  —  0.18 %  (in  the  non-defatted 
preparation).  Inorganic  phosphorous  was  absent.  According  to  the 
calculation  of  U.  N.  Ivanovskiy,  the  plague  bacillus  contains, 
consequently,  12,1$%  protein  and  11.2*  nucleic  acids. 

Thus,  the  plague  bacillus  proteins  contain  considerably 
more  nitrogen  in  monoaminoadds  than  in  diaminoadds  (ratio  — 
1:3.7). 


The  greatest  number  of  studies,  beginning  with  the  above- 
mentioned  investigation  of  Iaistlg  and  Galeotti  up  to  the  present, 
have  been  concerned  with  isolating  the  constituents  of  P.  peBtls 
as  isolated  antigens  of  this  microbe. 


One  of  the  most  widely  used  vaccines  for  antiplagve  inounization 
is  the  Haffkine  vacdne ,  developed  more  than  50  years  ago.  Its 
preparation  is  siirple.  A  culture  of  any  virulent  strain  of  P. 
pe3tis,  grown  on  a  msat-peptone  the  broth  at  28o  over  three  to  four 
weeks  is  killed  with  a  ij-niLiiute  heating  at  SbP  and  is  preserved 
upon  adding  0,$%  carbolic  add.  As  an  effective  imuunizing  agent, 
this  vacdne  has  frequently  been  investigated  to  discover  its 
active  principle.  Thus,  even  Balfour -Stewart  (io)  and  later 
Sokhey  (11,  12)  indicated  that  the  antigen  ccf  the  Haffkine  vaccine, 
protecting  against  subsequent  infection  by  the  plague,  when  in  " 

solution  perhaps  could  be  isolated  from  the  vaccine  by  centaifualne 
and  was  a  protein.  **“6*"& 


.  ,  Brooks  (13)  showed  that  the  substance  increasing  the  opsonic 
index  during  the  immunization  process  and  in  producing  the  antiplarue 
serum  is  a  nucleoproteid,  which  can  so  easily  and  completely  be 

n?°+S8p  p93ti®  08118  that  the  v?ater  used  to  wash  the 

+LT//:1;2  v,as  dissolved  in  water  and  precipitated  i?>on 

the  1/3  saturation  with  sodium  sulfate,  obtaining  the.  fraction  P-l/3. 


n  - 
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In  the  filtrate  of  the  last  fraction  on  concentration  of  the  salt 
increased  to  saturation;  the  precipitate  farming  was  designated 
as  the  P-l/2-1/3  fraction.  The  fifth  fraction,  not  precipitating 
upon  complete  saturation  by  salt,  was  called  the  residual.  The 
protein  fractions  were  purified  by  reprecipitation,  and  by  careful 
dialysis  against  distilled  water,  and  were  stored  in  dry  form* 

SCHEME  CF  FRACTIONATION  CF  FILTRATE  HIOEEUB  CF  THE 
HAGUE  BACILLUS  CULTURE  ACCORDING  TO  SEAL  (19) 

Bacterial  Filtrate 


Saturation  ^  of  Na2SO|t 


Precipitate  (contains  i|  fractions) 
soluble  in  water 


Filtrate  (contains  the 
fifth  fraction) 


1/2  saturation  ^  NagSO^ 

Precipitate  (fraction  1/2) 
soluble  in  water 
l/3  saturation  of  Ha2S0h 

sp - O' 

Precipitate :  Filtrate 

.fraction  P--1/3  l/2  saturation  NagSO^ 
(Antigen  A)  4' 


Filtrate 

saturation  of  Na^Ou 

- - - % 

Precipitate  Filtrate 
fraction  Pl-l/2  clear 


Precipitate ;  fraction  P-l/2-1/3 
(Antigen  B) 


The  P-l/2  fraction  represents  of  all  the  salted-out 
proteins  ami  exhibited  serological  activity.  About  90%  of  this 
fraction  consists  of  the  P-l/\3  fraction  proteins,  also  serologi¬ 
cally  active.  The  other  fractions,  with  the  exception  of  the 
residual,  also  proved  to  be  serologically  active. 


T.ie  author  obtained  similar  active  protein  fractions  from 
the  ;jater~3oluble  extracts  of  virulent  plague  bacilli,  grown  in 
ag-.r  eontediiing  casein  hydrolysate  at  37°  for  72  hours,  since 
virulent  strains  usually  grow  poorly  in  /purely/  agar  media.  But 
in  the  given  instance  the  P-1 /j  fraction  represents  80-905?  of  all 
the  salted-out  proteins,  and  it  yielded  a  precipitate  with  the 
antiplagus  serum  in  a  dilution  of  1;  1,280,000.  But  this  fraction 
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is  practically  absent  in  the  svimlent  and  nonprot active  strains 
of  P.  pestis  and  is  wholly  absent  in  all  the  tested  strains  of  P. 
pseudotuber culosis . 

She  chemical  characteristics  of  the  protein  fractions  are 
limited  by  the  determination  of  the  amount  of  nitrogen  which  varies 
within  the  limits  of  lli.  9-13.8#,  and  by  the  qualitative  reactions 
toward  sulfur,  phosphorous,  tryptophan,  tyrosine,  and  the  Moliah 
and  biuret  tests*  These  reactions  proved  to  be  positve  almost  in 
all  ijastances.  On  the  P-l/2  fraction,  obtained  from  the  protective 
strain  of  P.  pestis,  grown  on  casein  hydrolysate -containing  agar, 
yields  a  negative  reaction  toward  tryptophan.  Tryptophan  has  not 
been  discovered  in  the  P-l/2  fraction  from  a  single  strain  of  P. 
pseudotuberculosis.  The  water  solubility  of  all  the  protein 
fractions  obtained  was  low  and  usually  did  not  exceed  1:500.  TMn 
solubility  was  increased  at  pH  -  7.8-0. 0  and  was  good  in  a  N/80 
solution  of  NaOH. 

It  is  practically  inpossible  to  investigate  the  rotation  of 
polarized  light  using  protein  fraction  solutions  owing  to  the  strong 
opalescence  of  the  solutions.  In  spectrophotometry  of  0.OI4#  solu¬ 
tions  of  protein  fractions  in  N/80  NaOH,  the  absorption  in  the  ultra¬ 
violet  region  is  observed  within  the  limits  of  230-ij30  millimicrons. 

The  P-1/3  fraction  from  virulent  and  aviruLenb,  but  protec¬ 
tive  (inducing  immunity)  strains  of  P.  pestis  designated  as  antigen 
A,  is  serologically  distinct  (does  not  yield  overlapping  percipita- 
tion)  from  the  P-l/2-1/3  fraction  of  the  same  origin.  The  latter 
has  been  called  antigen  B.  In  addition,  antigen  A  differs  serologi¬ 
cally  from  the  same  fractions  of  P-l/3  obtained  from  nonpr ote ctive 
avirulent  strains  of  P.  pestis  and  from  strains  of  P,  pseudotuber¬ 
culosis,  which  are  almost  serologically  identical  to  each  other 
and  yield  overlapping  /reactions/  with  antiserums  against  antigen 
B  and  against  virulent  cells  o fr,  pestis  inactivated  through 
heating „ 

Consequently,  antigen  A  is  a  specific  antigen  of  virulent 
plague  bacilli  and  corresponds  to  the  membrane  antigen  described 
earlier  by  Schutze  (21),  since  antigen  B  is  a  total  somatic  linking 
the  plague  and  the  pseudotubercular  bacilli.  Both  antigens  A  and 
B  can  be  isolated  from  the  filtrates  of  broth  cultures,  but  only 
antigen  A  can  be  obtained  from  water-soluble  extracts  of  agar  cultures 
of  virulent  P.  pestis,  which  antigen  also  must  be  considered  as  a 
specific  soluble  antigen  of  virulent  bacilli  of  the  plague.  An 
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antiserum  prepared  to  act  against  this  antigen  agglutinates  only 
the  protective  strains  of  P.  peetis  and  absolutely  does  not  aggLutinate 
the  strains  of  F«  pseudotuber  culceis. 

Later,  Seal  (1?)  established  that  the  virulent  strains  of  P. 
peatls  as  a  result  of  many  passages  through  nutrient  media  gradually 
lose  the  antigen  A  until  it  disappears  ccnletely,  To  obtain  the 
latter,  the  cells  must  be  cultivated  in  a  fully  usuable  nutrient 
medium,  enriched  with  casein  hydrolysate* 

Amies  (22)  has  asserted  that  the  widely  accepted  representa¬ 
tion  of  the  membrane  cf  the  P.  peetis  incorrectly  reflects  the 
essence  cf  the  problem*  This  membrane,  in  his  opinion,  is  only  a 
veil  developed  capsule,  visible  in  the  dark  field  in  preparations 
-treated  with  India  ink.  The  capsule  substance,  in  the  opinion  of 
Airies,  separates  from  the  surface  cf  the  cell  through  a  definite 
chemical  reaction  resulting  from  the  use  of  a  ester  solution  of 
potassium  thiocyanate.  The  substance  obtained  as  a  result  of  this 
extraction  following  purification  and  concentration,  is  a  bacteria 
exhibiting  the  properties  of  the  most  important  antigen  of  the  P. 
pestle  cells*  Several  milligrams  of  this  antigen  constitutes  a 
dose,  sufficient  to  produce  powerful  immunity  in  experimental 
animals*  The  chemical  characteristics  of  this  antigen  are  in- 
suffiently  clear  (there  is  no  certainty  that  it  contains  polysaccharide)  5 
but  the  author  by  analogy  proceeds  from  the  fact  that  the 
of  pneumococci  and  KLebslella  pneumoniae,  consisting  of  polys acoha- 
ridos ,  are  not  extracted  by  solutions  of  potassium  thiocyanate, 
since  the  polypeptide  capsule  of  6.  myccides  iasjluble  under  these 
conditions. 


Bnglesborg  and  Levy  (23)  have  presented  various  evidence, 
including  experimental,  that  refutes  the  point  of  view  cf  Andes. 
These  authors  used  the  A-1122  avirulent  Btrain  of  P.pestle,  in  the 
cultivation  of  which  it  was  possible  under  selected  conditions  to 
obtain  yield  of  four  billion  to  five  billion  cells  per  one  ml  of 


inedx'J'tt  vXV.'  an  ox.ce 
me&lutn  c'ViU&ned: 


;i dually  high  formation  of  antigens.  The 

.  ~  . . r-  ^  casein  hydrolysate,  0,2£  glucose.  0.1)6  KzSO), 

71^0,,  1  -c  10 "4/J  FeCl3  •  6HpO,  1  X  10-3$  CaCl2,  0*l£  NHJ.C1  ■  HB.C1 

avid  11/ 20  phosphate  buffer  at  pH  ■  7.0.  Under  aeration 
eondluion-j  the  maximum  number  of  cells  was  obtained  on  the  third 
day  of  grwth,  after  which  their  massive  lysis  set  in,  terminating 
on  tin.  sixth  day,  During  the  course  of  these  six  days  not  fewer 
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than  three  different  antigens  developed  in  the  medium:  fraction 
1  (corresponding  to  antigen  A  of  Seal),  somatic  antigen  (probably, 
corresponding  to  antigen  B),  and  a  toxic  fraction. 

The  largest  appearance  in  the  medium  of  fraction  1,  relatively 
free  from  the  somatic  antigen,  was  noted  in  the  three-4ay  culture. 

The  somatic  antigen  fraction  appeared  in  the  medium  during  the  lysis 
period,  that  is,  by  the  fourth  to  sixth  day  of  cultivation.  The 
somatic  antigen  yield  was  determined  from  the  difference  between 
the  total  amount  of  soluble  antigens  in  fraction  1,  based  on 
turbidity  using  a  specific  antiserum.  Of  course,  the  presence 
of  a  plague  toxin  fraction,  yielding  a  precipitate  from  the  given 
serum,  altered  the  preciseness  of  these  determinations,  but  the 
quantity  of  this  precipitate  was  very  substantial  and  could  not 
strongly  distort  these  results.  Small  amounts  of  toxin,  determined 
by  tests  in  vivo,  appeared  in  the  medium  both  during  the  course  of 
the  growth  phase  as  well  as  during  lysis. 

These  authors  showed  that  in  a  three -day  culture  there  is 
contained  about  50%  of  all  the  soluble  antigens,  hence,  they 
separate  by  themselves  in  the  medium}  the  remaining  5Q%  can  be 
obtained  by  salt  solution  extraction  of  the  cells,  followed  by 
drying  of  the  cells  with  acetone  and  an  additional  extraction.  As 
far  as  fraction  1  is  concerned,  it  is  distributed  thusly:  86% 
appears  in  the  medium,  a  salt  solution  extracts  an  additional.  1%, 
and  the  remaining  135?  can  be  extracted  by  the  same  salt  solution, 
but  from  cells  previously  dried  with  acetone.  The  quantity  of 
fraction  1,  remaining  combined  with  the  cells,  is  a  constant  value. 

Only  the  quantity  of  this  fraction  entering  into  the  medium  is 
subjected  to  fluctuations. 

The  facility  with  which  fraction  1  enters  into  the  medium 
during  the  active  growth  phase  from  P.  pestls  cells  Is  similar  to 
that  which  has  been  observed  by  Dochez  and  Avery  (24)  for  pneumococci 
yielding  a  soluble  antigen  in  the  nutrient  medium.  This  fact 
testifies  in  favor  of  the  proposition  that  fraction  1  in  the  bacillus 
of  the  plague  is  a  nycoid  substance  not  of  a  capsule  but  of  a  membrane „ 
The  latter  differs  freon  a  oapsule  in  that  it  is  an  exudate, 
enveloping  the  body  of  the  cell  as  a  continuous  mass  of  mucin 

,  The  membrane  changes  in  outline  and  thickness  and  is  not 
sharply  bounded  off  from  the  surrounding  environment .  Evidence  of 
various  kinds  supports  the  proposition  that  fractional  is  a  membranous 
substance  of  the  plague  bacillus  or  at  least  is  a  constituent  part 
of  the  raurbrsno.  Fraction  1  and  the  membrane  are  formed  sjiwltane nnsly 


in  a  greater  nurfcer  of  cells  grown  at  37°  than  those  cultivated  at 
a  lower  terparature.  All  the  virulent  and  protective  (immunogenic) 
strains  of  P„  pestis  exhibited  a  well  developed  menbrane  and  form 
correspondingly  substantial  amounts  of  fraction  1,  since  all  avirulent 
strains  of  the  membrane  have  none  at  all  or  exhibit  only  very  weak¬ 
ly  developed  membranes  and,  corresponding  to  this,  farm  very  little 
fraction  1. 

The  immunity  of  laboratory  animals  to  plague  is  directly  re¬ 
lated  to  the  amount  of  airtirombrane  or  anti -fraction  1  antibody, 
forming  in  the  serum  of  these  animals.  Rabbit  or  monkey  antiserum, 
produced  through  immunization  by  fraction  1,  is  capable  of  changing 
the  membrane  of  the  virulent  plague  bacilli  forming  precipitates 
in  it.  But  these  immune  serums,  after  the  antibodies  acting  against 
fraction  1  are  removed  from  the  serums  through  specific  absorption, 
lose  the  ability  to  form  precipitates  in  the  cellular  membranes. 

Opposing  the  theory  of  And.es,  testifying  to  the  absence  of 
any  liycoidal  menibrans  and  to  the  presence  of  an  actual  capsule  in 
the  plague  bacillus  are  also  the  following  considerations.  To 
rupture  the  capsule,  yielding  a  powerful  antigen,  requires  rapid 
chemical  or  physical  reactions.  Andes  "successfully"  used  a  potassium 
thiocyanate  solution  in  this  capacity.  Bub  this  author  in  his 
experiments  did  not  consider  the  ready  solubility  of  the  membrane 
substance  surrounding  the  P.  pestis  cells.  Engles berg  and  levy 
repeated  the  Andes  experiment,  but  the  suspensions  of  cells  in 
distinction  to  the  Amies  experiment  were  extracted  beforehand  with 
distilled  water.  This  experiment  showed  that  96%  of  fraction  1  and 
8 .9%  of  all  the  extracted  soluble  antigens  were  collected  inmediately 
through  use  of  distilled  water  even  before  the  beginning  of  extrac¬ 
tion  with  the  strong-acting  potassium  thiocyanate.  Consequently, 
only  lj%  of  fraction  1  was  liberated  additionally  from  the  cells 
from  infusion  in  water  at  pH  a  7  or  in  the  potassium  thiocyanate 
solution.  As  .far  as  the  other  antigens  were  concerned,  the  addi¬ 
tional  infusion  of  the  colls  in  water  at  a  pH  s  7*8  additionally 
3  J  be,  vied  13 %  of  all  the  soluble  antigens,  since  the  additional 
infusion  in  the  potassium  thiocyanate  solution  liberated  additionally 
only  8>i  of  tiic  soluble  antigens. 


Preparations  of  the  cellular  suspensions  in  the  India  ink 
roi-tuM  rtvealeu  a  clear  corona  surrounding  the  bacilli  not 
.■•e-ab'i-!  vi  th  water.  This  corona  distinctly  decreased  upon  standing 
'■■P  wbrcU-or  preparations  of  cells,  taken  directly  from  the 
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surface  of  the  agar,  did  not  reveal  clearly  pronounced  capsules  in 
the  presence  of  the  mucin  mass  in  the  various  irregularly 

formed  inclusions  in  mary  cells. 

Thus,  the  P.  pestis  cells  exhibited  readily  soluble  Jelly- 
like  membranes  surrounding  them.  This  fact  has  been  confirmed  by 
electron-micros copic  observations.  The  membrane  dissolves  readily, 
leaving  behind  a  small  amount  of  material  which  under  microscopic 
investigation  appears  to  be  similar  to  the  typical  bacterial  capsule. 
The  membrane  residue  enters  solution  with  difficulty,  probably  as 
a  consequence  of  its  intimate  bond  with  the.  bacterial  cellular  wall. 
In  this  instance  the  question  arose  as  to  whether  or  not  a  difference 

betvraen  the  readily  soluble  Jelly-like  membrane  substance 
^fraction  1)  and  the  "capsule”  substance,  strongly  bound  with  the 
cells.  Inasmuch  as  fraction  1  readily  enters  into  solution,  it 
can  be  assumed  that  part  of  it  remaining  on  the  cells  is  an  inpurity 
to  the  pure  capsule  substance.  The  antigen,  extracted  by  the 
potassium  thiocyanate  solution,  is  most  probably  not  capsule 
material,  since  the  solution  of  the  capsule  occurs  by  another 
znathod.  The  fact  that  following  solution  of  the  membrane  a  certain 
amount  of  antigen  is  additionally  extracted  can  be  treated  as  the 
solution  of  only  that  portion  of  fraction  1  which  is  mare  stably 
bound  with  the  cells.  However,  here  in  addition  to  antigen  1  of 
the  fraction  other  antigens  differing  from  this  one  are  extracted. 


Consequently,  the  problem  of  the  existence  in  addition  to 
the  membrane  of  the  capsule  and  special  capsule  antigens  in  the 
P,  pestis  calls  awaits  further  elucidation. 


,  Supplementing  the  clearly  inadequate  chemical  characteristics 
known  thus  far  of  the  plague  bacillus  antigens.  Ye.  M.  Gubarev, 

I.  Zaplaoina,  A.  M.  Konnova  (2£)  investigated  several  fractions 
or  these  cells.  In  the  present  instance  the  avirulen*  vaccine 
strain  EV  of  the  P,  pestis  and  the  No  17?  virulent  strain  were 
grown  on  solid  agar  medium,  consisting  of  and.noa.eids  obtained 
through  the  complete  hydrolysis  of  casein  with  the  addition  o.f 

md  a  V317  sma11  ammt  a*  yeast  autolysate » 
The  cells  obtained  after  a  three -day  growth  were  destroyed  by 

~  calling  in  liquid  air  and  thawing  out  at  a  temperature 


The  products  of  call  decomposition  were  fractionated  by 
means  of  salting -out  ammonium  sulfate.  In  this  way.  the  foUowimr 
fractions  ware  obtained,  A  -  at  33%  saturation, B  L  bS^en  B 
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and  C  -  between  $0  and  75%,  and  D  -  at  1OQ0. 

The  trad  city  of  the  fractions  for  white  doe  is  not  idantiepl* 
The  most  trade  ere  fractions  0  (at  llJDV'O.COl  ag  of  nitrogen)  and 
B  (at  1  DHVo.005  as  Of  nitrogen),  alnoe  fractlona  k  and  D  are 
considerably-  less  trade*  The  trade  properties  of  all  fractions 
disappear  after  a  nimfce®e  heating  op  to  100®  or  following  a  three- 
day  treatment  with  0*5%  formalin  solution  at  37°* 

The  most  interesting  results  ware  obtained  in  a  comparative 
investigation  of  the  adnoedd  constitution  of  the  hydrolysates 
of  the  three  first  fractlona  by  the  paper  chromatography  aathod. 

The  identically  obtained  fractions  of  the  virulent  end  arirulent 
strains  exhibited  a  characteristic  difference* 

Thus,  fraction  l  from  the  virulent  strain  No  177  eattbains 
the  following  amlnoadds:  glutado,  aspartic,  serine,  glycine, 
alanine,  nor  leucine,  valine,  lysine,  arginine,  leucine,  «£- 
andnobutyric,  lsoleudne,  ornithine,  methionine,,  jnrollne,  and  one 
unidentified  andnoadd  (16  in  all)  of  the  natter  of  those  identified 
only  the  first  of  ten  antnoadds  were  found  in  fraction  i  from  the 
avlruLenb  E7  strain,  in  addition,  tryptophan  and  threonine  wen 
found,  hence,  a  total  of  12  adnoadds. 

The  B  fractions  fraa  both  strains  also  contain  a  group  of 
ten  adnoadds  in  oomaoni  glycine,  alanine,  norletudlne,  aspartic, 
glutamic,  serine,  tyrosine,  arginine  and  valine*  Bob  fraction  B 
from  the  virulent  strain  No  177  in  addition  contains  ornithine, 
phenylalanine , <£-  amlnobutyrio  add  and  tryptophan  (a  total  of  lU) 
since  the  analgoua  fraction  from  the  avtndent  strain,  in  addition 
to  the  10  in  comon,  contains  two  other  adnoadds,  leucine  and 
isoleucine  (a  total  of  12)* 

There  is  also  a  difference  in  the  C  fractions,  although  the 
total  number  of  ajrinoad.de  here  is  the  same*  Nine  amlnoadds  were 
found  in  conmon  here:  glutamic,  glycine,  serine,  alanine, 
arginine,  tyrosine,  leucine,  isoleucine,  and  methionine*  But 
fraction  C  of  strain  No  177  contains  in  addition:  ornithine, 
cysteine,  and  valine,  while  the  same  fraction  from  the  E7  strain, 

In  addition  to  the  nine  in  cowman  contains  still  other  amlnoadds: 
aspartic,  histidine,  and  threonine* 

Thus,  the  studies  cited  below  of  Chen  and  Mayor  (31),  in 
which  a  link  was  shown  between  the  virulency  of  the  strains  and 
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the  amount  of  protein  in  the  cell  membrane,  is  supplemented  ty  the 
fact  that  the  virulency  of  the  plague  bacillus  strains  can  depend 
also  on  the  aminoacid  constitution  of  the  proteins. 

Seal  (26)  isolated  a  specific  polysaccharide  from  specific 
soluble  and  nonfracti onated  substances  of  the  plague  bacillus. 

This  polysaccharide  was  obtained  also,  from  substances  contained 
in  the  filtrates  of  P.  pestis  cultures,  raised  on  casein  hydrolysate 
broth.  In  the  hydrolysis  products  of  the  isolated  polysaccharide 
preparations  arabinose  was  found,  identified  in  the  form  of  the 
crystalline  osazone. 

till  the  present  an  explanation  has  not  been  forthcoming 
as  to  whether  polysaccharides  exist  in  the  composition  of  P.  pestis 
cells  in  the  free  state.  As  a  result  of  successes  multiplying 
from  year  to  year,  it  has  become  increasingly  clear  in  the  study 
of  the  chemical  composition  of  bacteria  that  all  the  constituents 
of  the  calls  to  a  certain  extant  are  bound  up  with  proteins  forming 
complex  compounds.  But  the  degree  of  attachment  of  these  bonds  for 
various  substances  is  dissimilar.  Obtaining  polysaccharide  fractions 
from  the  plague  bacillus,  as  a  rule,  has  been  stimulated  by  inves¬ 
tigations  studying  the  total  somatic  antigen.  For  this  purpose 
the  methods  of  Buavena-Jfezroveaneau  (extraction  of  the  antigen  by 
trichloroacetic  acid)  and  of  Raystricka-Topli  (trysin  hydrolysis 
of  cells  with  subsequent  precipitation  of  the  antigen  by  alcohol), 
in  various  modification,  are  usually  applied. 

Y.e.  I.  Korobkova,  7.  Kuznetsova,  Ye.  Bakhraka,  A,  Shalayeva 
(2?)  obtained  such  a  complex  antigen  in  the  unpurified  form,  using 
the  Raystricka-Topli  method.  The  substance  obtained  yielded  quali¬ 
tative  reactions  for  proteins  and  carbohydrates.  Boiling  a  solution 
of  the  given  substance  in  acetic  acid  permitted  a  separation,  of  the 
protein  fraction,  forming  a  precipitate,  and  from  the  soluble  position 
of  this  hydrolysate  most  probably  a  polysaccharide  was  precipitated 
by  alcohol.  The  polysaccharide  in  the  dry  form  is  a  white  powder, 
readily  soluble  in  water,  not  precipitable  by  trichloroacetic  acrid 
and  yielding  a  strongly  positive  Podobedova^olish  test.  Upon 
hydrolysis  of  the  polysaccharide  with  sulfuric  acid,  reducing 
substances  were  formed.  The  polysaccharide  was  precipitated  by- 
antibacterial  antiplague  serum  in  a  dilution  of  1;10,000,  and  with 
the  s am  dilution  resulted  in  a  precipitation  with  rabbit  antiserum, 
obtained  through  immunization  by  the  trypsin  hydrolysate  of  the  P„ 
pestis  cells.  Based  on  the  fact  that  the  P„  pestis  cells  grown  on 
an  agar  medium  produced  a  two-fold  yield  of  polysaccharide  in  comparison 
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with  calls  grown  in  broth,  the  authors  proposed  the  existence  of  two 
polysaccharides  —  one  in  the  capsule  substance,  and  the  other  In 
the  cell  plasma  o 

S  I.  Zaplatina  and  A.  M.  Korneva  (28),  using  various  Methods, 
obtained  polysaccharide  preparations  from  two  strains  of  Pe  pestis: 
one  virulent  and  another  avirulent  vaccine  E7  and,  in  addition, 
from  a  P.  pseudotuborculosle  strain.  The  polysaccharides  obtained 
by  these  authors  were  water-soluble  substances,  yielded  a  strongly 
poative  Podobedcnra-Molish  test,  were  not  precipitated  ty  tri¬ 
chloroacetic  end  sulfoealicylio  adds,  and  did  not  show  a  biuret 
reaction.  Hot  one  of  tbs  polysaccharide  preparations  obtained 
revealed  toxicity  for  guinea  pigs  and  white  mice.  The  polysaccharides 
were  precipitated  by  axrtiplague  serums  in  dilutions  not  exceeding 
1:1,000  -1:2,000. 

Boyden  (29)  showed  that  sheep  erythrocytes,  treated  with  a 
dilute  tannin  solution  (1:12,000,  1:20,000),  a_a  sensitlvised  upon 
being  treated  with  soluble  protein  antigens  of  P.  pestis,  after 
which  they  are  agglutinated  by  specific  antiplague  antiserum.  But 
the  same  protein  antigens  do  not  react  with  normal  erythrocytes. 
However,  tha  polysacchar?  da  antigen  from  F.  pestle  i3  adsorbed  by 
normal  erythrocytes. 

Evidently,  a  similar  polysaccharide  antigen  from  the  plague 
bacillus  was  investigated  by  Chen  (30),  establishing  the  ability 
of  bin  antigen  to  be  adsorbed  by  normal  erythrocytes  of  sheep, 
chicks,  and  guinea  pigs,  and  to  yield  hemagglutination  In  the  presence 
of  a  specific  antiserum.  This  antigen  was  found  in  old  P.  pestis 
cultures,  in  extracts  from  acetone  killed  dfited  plague  bacilli,  and 
in  alcohol  precipitated  membrane  antigens.  But  this  antigen  was 
not  found  in  the  purified  protein  fraction,  isolated  through  saltlng- 
ouh  with  J0$  saturated  amonluin  sulfate  from  the  water-soluble  extracts 
of  the  plague  bacillus.  The  antigen  tested  contained  little  nitrogen 
and  was  suggested  to  be  included  among  tha  polysaccharides.  It  did 
not  increase  the  resistance  of  mice  to  plague  infection,  bub  proved 
to  b,i  useful  in  the  serological  investigation  and  identification  of 
fractions  'isolated  from  P.  pestis  cells. 


V1'5  ,n  kt  ’>mpts  to  sensitivize  normal  erythrocytes  with  highly 
purified  protcjji  fractions  1-A  from  P,  pestis  proved  to  be  un~ 
sii.cc. v  --j i.,  Normal  erythrocytes,  sensltlvized  by  polysaccharide 
nnti.frr.--i,  d  not  yield  hemagglutination  with  rabbit  antiserum 
ai/cu  ..'  \u;M on  1-B  (protein).  During  additional  tests  of  the 
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serum  eight  rabbits,  hyperimmunized  by  protein  fraction  from 
P.  pestis ,  with  an  agglutin  titer  of  1:32-1:128,  and  with  a  ccnple- 
E»nt  fixing  titer  of  1:8-1:256  did  not  agglutinize  erythrocytes 
that  had  been  sensitivized  by  the  polysaccharide  antigen  of  the 
plague  bacillus.  In  this  way,  hemagglutination  of  erythrocytes 
sensitivized  by  the  plague,  bacillus  polysaccharide  could  not  be  used 
far  diagnosis,  since  tne  polysaccharide  could  not  be  used  for  diagnosis, 
since  the  polysaccharide  antigen  itself  is  not  suitable  far  protective 
immunization  against  plague  infection. 

Chen  and  Meyer  (31)  studied  the  hemagglutination  of  the  tannin- 
treated  and  protein  antigen  1-B -sensitivized  sheep  erythrocytes. 

The  antigen  was  prepared  by  salting-out  of  the  water  extract  from 
the  P.  pestis  cells  with  ammonium  sulfate  at  3 3$  saturation  of  the 
salt.  Poliowing  frequent  purification  through  reprecipitation 
the  antigen  1-B  was  obtained  as  a  protein  preparation,  completely 
free  of  carbohydrates.  The  agglutinating  serums  were  prepared  by 
immunization  of  rabbits  with  the  antigen  1-B.  Through  comparative 
studies  tbs  advantages  of  the  given  hemagglutination  over  the 
reactions  of  complement  fixation  and  the  bacteria  agglutinations 
were  established.  Hemagglutination  is  extremely  mare  sensitive 
than  the  above-mentioned  reactions  and  permits  the  detection  of 
high  titres  of  antiplague  antibodies  both  in  animals  which  have 
had  the  plague  as  well  as  for  people  immunized  by  the  antigen  1-B 
in  those  cases  when  these  antibodies  have  not  been  revealed  at  all 
by  the  complement  fixation  reaction.  Among  the  serums  of  animals 
immunized  by  the  various  live  and  killed  virulent  vaccines,  the 
hemagglutination  titer  as  a  rule  proved  to  be  higher  than  the  titer 
of  the  complement  fixation  or  the  plague  bacteria  agglutination. 

An  additional  advantage  of  the  hemagglutination  tests  for  diagnosis 
consists  in  the  possibility  of  determining  the  presence  of  plague 
antibodies  in  the  anticamplementry  serums  such  as,  the  antiplague 
Haffkine  horse,  which  cannot  be  tested  by  the  complement  fixation 
method. 


Protein  hemagglutination  is  especially  useful  in  conjunction 
with  the  polysaccharide  hemagglutination  reaction.  Inasmuch  as 
both  reactions  are  strictly  specific  either  for  the  protein  or  the 
polysaccharide  component  and  the  corresponding  antibodies,  the 
various  plague  antigens  can  be  subjected  to  direct  or  indirect 
analysis  by  serological  methods.  Direct  analysis  of  the  antigens 
is  preferable  in  the  determination  of  the  relative  purity  of  such 
preparations  as  fraction  1-B  or  the  polysaccharide  fraction  in¬ 
soluble  in  carbolic  acid. 
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The  results  of  similar  Investigations  have  shown  that  the 
amount  of  protein  contained  in  the  plague  bacilli  have  a  direct 
relationship  to  the  virulency  and  avlxulency  of  a  strain*  These 
bacilli  are  surrounded  by  a  protein  membrane  having  a  different 
thickness  for  different  strains*  It  is  suggested  that  the  poly¬ 
saccharides  either  farm  &  layer  located  under  the  protein  layer 
or  that  they  are  found  within  the  cells  and  can  be  liberated  during 
lysis  caused  by  natural  or  artificial  factors*  Imtmmologlcal 
research  of  various  F*  pestis  antigens  has  permitted  a  Judgment 
of  the  link  between  the  composition  of  these  antigens  and  the 
virulency  of  the  cells.  As  a  rule,  the  serum  of  rabbits  immunized 
by  live  avlrulent  vaccines  contain  a  negligible  amount  or  almost 
no  antibody  against  membrane  protein  fractions,  while  at  the  same 
time  abound  in  antibodies  acting  against  the  polysaccharides* 

This  fact  indicates  that  in  avlrulent  strains,  the  amount  of  pro¬ 
tein  antigens  is  reduced,  and  perhaps  even  the  total  amount  of 
protein,  with  a  simultaneous  increase  in  the  amount  of  polysaccha¬ 
ride  antigens*  The  serums  of  animals  immunized  by  live  virulent 
strains  of  P.  pestis  contain,  on  the  other  hand,  a  large  amount 
of  antibodies  against  proteins  and  react  weakly  or  not  at  all 
with  the  polysaccharide  fraction  of  the  plague  bacillus*  This 
points  to  an  increase  of  protein  antigens  in  virulent  strains* 
Finally,  the  serums  of  the  rabbits  immunized  by  boiled  and  dried 
extracts  of  virulent  plague  bacilli  contain  considerable  amounts 
both  of  anti -protein  as  well  as  of  anti -polys ao charlda  antibodies* 
The  latter  indicates  that  virulent  microbes,  as  a  result  of  the 
extraction,  yield  greater  amounts  both  of  protein  as  well  as  of 
polysaccharide  antigens. 


The  above  indicated  results  of  research  on  antigen  properties 
of  various  strains  using  serological  methods  have  filled  the  gap  in 
chemical  research  on  this  problem.  The  conclusion  can  be  drawn 
that  live  avlrulent  plague  cultures  are  readily  distinguished  from 
polysaccharide  cells  because  the  protein  membrane  of  these  strains 
is  very  insignificant,  thin,  and  is  readily  removed.  In  their  turn, 
virul  eiri  cultures  yielding  few  polysaccharide  and  many  protein 
antigens  luv.t  exhibit  difficulty  accessible  polysaccharides,  which 
;1'  these  strcvjns  are  surrounded  by  a  massive  protein  membrane.  It 
can  u: b.=,  assumed  that  the  quantitative  content  of  polysaccharides 
is  w^,-n«u:iy  the  same  for  virulent  and  avlrulent  strains,  since 
tV  ici.i.'/jd  virulent  calls  yield  considerable  amounts  of  protein 
and  polysaccharide  antigens  due  to  the  fact  that  here  the  massive 
■'To-fc  <  n  i.vvl.rmes  have  boon  substantially  damaged  and  dissolved  by 
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boiling,  and  the  polysaccharides  are  liberated  without  difficulty « 
Consequently,  the  raostessantial  difference  between  the  P.  pestle 
avirulent  and  virulent  strains,  consists  in  that  the  latter  have 
greater  quantities  of  protein  in  the  membrane* 

The  result  of  research  into  the  various  strains  of  P.  pestis 
using  serological  metnods,  allows  us  to  state  important  conclusions 
on  the  different  behavior  of  avirulent  and  virulent  strains  in 
the  infection  of  the  animal  organism*  The  difference  in  the  membrane 
composition  for  virulent  and  for  avirulent  strains,  cannot  be  with¬ 
out  significance  for  the  phagocytosis  at  one  or  the  other*  Even 
Meyer  (32)  showed  that  phagocytosis  of  plague  bacilli  is  suppressed 
by  an  unchanged  membrane  sub  stance  containing  more  than  10$ 
fraction  1  protein,  whereupon  the  addition  to  the  culture  by  the 
1-B  protein  fraction*  Inasmuch  as  the  avirulent  and  virulent 
strains,  as  a  rule,  form  toxin,  in  the  unlimited  multiplication 
of  the  cells,  an  identical  toxemia  from  infection  by  virulent  and 
avirulent  cultures  must  be  anticipated.  However,  following  infec¬ 
tion  by  an  avirulent  strain  containing,  a  quantity  of  fraction  1-8 
that  is  inadequate  to  suppress  phagocytosis,  cell  multiplication 
proves  to  be  limited  to  such  a  degree  that  neither  toxemia  nor 
affection  sets  in*  In  addition,  following  infection  by  a  virulent 
strain  of  the  plague  possessing  a  thick  protein  membrane  containing 
more  than  10$  of  fraction  1-8  protein,  the  latter  sharply  suppresses 
phagocytosis ,  which  produces  favorable  conditions  for  rapid  multi¬ 
plication  of  cells  and  rapid  liberation  of  the  toxins  by  the  aging 
cells*  Here,  consequently,  infection  has  all  the  possibilities  for 
rapid  propagation  in  the  organism  with  all  the  resultant  consequences  • 
Thus,  the  vlrulency  or  aviruleacy  of  a  given  P.  pestis  strain  depends 
correspondingly  on  the  ability  or  inability  to  suppress  phagocytosis, 
whi  ch  in  its  turn  depends  on  the  amount  of  fraction  1*8  proteins  in 
the  cell  membranes* 

A  substance  located  under  the  upper  protein  layer  of  tbs 
membrane,  and  immediately  enveloping  the  P.  pestis  cells  has  been 
identified  as  a  polysaccharide  antigen,  incapable  of  protecting 
mice  from  infection*  However,  cells  breed  cf  the  readily  soluble 
protein  membrane  substance  exhibit  protective  properties  for  guinea 
pigs*  From  these  considerations  a  study  of  the  immunological  pro¬ 
perties  of  the  polysaccharide  isolated  from  P.  pestis  was  undertaken* 
To  obtain  the  latter,  the  cells  ware  treated  with  carbolic  acid, 
used  to  remove  the  proteins*  The  carbolic  acid-insoluble  fraction 
extracted  with  water  contained  a  large  amount  of  carbohydrates  with 
a  negligible  nitrogen  content.  The  polysaccharide  obtained  in  the 
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pure  form  after  addition  to  normal  erythrocytes  provided  a  sharply- 
pronounced  hemagglutination  with  anti-plague  serum*  However,  immuni¬ 
zation  of  guinea  pigs  with  the  polysaccharide  &d  not  increase  tbair 
resistance  to  plague  infection,  the  inramized  aninrOa  perishing 
identically  as  the  controlled*  Henoe,  the  protective  affect  of 
antigens  of  plague  bacilli  fren  Which  the  membrane  protein  ha n  1mm 
removed  must  involve  a  certain  amount  of  protein  antigen  reB^ftai^ 
after  treatment  of  the  cells,  but  not  through  the  agency  of  the 
psOysaocharide. 

In  a  study  by  V.  G.  AMaenho  (33)  several  general  indices 
of  the  chemical  composition  of  two  P,  pestis  strains  were  Investi¬ 
gated:  a  virulent  (Ho  291)  and  an  avirulant  (EV).  The  author 
cultivated  the  strains  tested  under  wholly  identical  conditions  on 
agar  containing  Marten*  e  broth  for  two  days  at  28°.  Following  this, 
the  culture  was  washsd,free  of  the  agar  surface  with  a  physiological 
solution  of  sodium  chloride,  and  the  cells  were  repeatedly  washed 
by  the  sara  solution  in  centrifuging  and  were  dried  at  £6®* 

Several  comparative  indices  of  the  chemical  composition  of 
both  strains  were  shown  to  be  Identical  or  similar  (the  amount  of 
ash,  the  total  nitrogen  content,  the  nitrogen  content  In  the  pro¬ 
teins  extracted  with  diluted  K0H,and  the  amount  of  tryptophan  and 
tyrosine  in  these  proteins).  However,  very  many  composition  indices 
for  the  strains  studied  proved  to  be  different*  Thus,  6,T$% 
lipoids  (ether  extract)  were  found  in  the  3V  strain,  and  6.0#  in 
the  No  291  strain.  The  carbolydrats  fraction  was  found  to  be 
9*3#  for  the  EV  strain  and  6*3#  for  the  Ho  291*  And  even  greater 
difference  was  established  for  the  total  phosphorus  content  —  1,1# 
(EV)  and  0.6#  (No  291)  —  and  for  the  phosphorus  of  the  lipid 
fractions  —  0.0#  (EV)  and  0.0#  (No  291).  In  addition,  it  was 
shown  that  the  protein  fractions  obtained  through  precipitation 
at  the  isoelectric  point  are  acidic  proteins.  Thus,  their  content 
of  nitrogen  of  the  dicarboxylic  fraction  of  the  aminoaoids  (in 
terms  of  all  the  nitrogen  of  these  proteins)  was  as  follows:  3# 

(No  29J.)  and  26, 8£  (EV),  since  the  nitrogen  of  the  diaminoacid 
fraction  equalled  17.3#  and  18.#,  respectively. 

The  difference  in  chemical  composition  found  for  both  strains 
does  not  explain,  of  course,  their  widely  diverse  virulency.  Such 
a  difference,  possibly,  could  be  detected  also  for  two  strains  of 
the  as.m  virulency,  however,  the  very  fact  of  the  clear  distinction 
shown  by  these  two  strains  in  several  basic  chemical  composition 
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indices  is  of  great  interest  as  evidence  of  the  essential  mutability 
of  the  given  bacillus.  It  cannot  be  doubted  that  basically  the 
extensive  mutability  of  the  P.  pestis  in  the  formation  of  strains 
of  this  bacillus  having  very  diverse  biological  properties  consists 
in  the  variability  both  qualitatively  and  quantitatively  of  the 
chemical  composition  of  the  cells. 
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GENERAL  CHARACTERISTICS  CP  TIE  METABOLISM 
CP  THE  HAGUE  BACILLUS 


Pages  27-33 


The  plague  bacillus  is  a  typical  grara-negative  cell  with  bio¬ 
chemical  properties  inherent  to  this  group  of  microorganisms. 

Being  not  strictly  aerobic,  this  bacillus,  however,  grows 
considerably  more  favorably  under  conditions  of  adequate  access  to 
air  oxygen  than  would  appear,  evidently,  to  explain  the  favorable 
Influence  on  the  growth  of  the  plague  culture  when  oxyhemoglobin 
being  present  in  the  nutrient  medium  in  quantities  surpassing  by 
many  tines  those  which  usually  characterise  it  as  a  growth  factor. 
And  in  general  it  has  not  been  established  that  oxyhemoglobin  is  a 
necessary  growth  substance  for  these  cells. 

Under  relatively  anaerobic  conditions  (under  a  paraffin  oil 
layer)  the  plague  culture  develops  poorly.  Here  it  must  be  emphas¬ 
ized  that  if  under  aerobic  conditions  the  plague  bacillus  is  some¬ 
what  capricious  toward  composition  of  the  nutrient  medium,  then  in 
the  absence  of  molecular  oxygen  satisfactory  growth  can  be  obtained 
only  in  media  containing  carbohydrate  brewed  in  the  media.  It 
is  widely  known  that  carbohydrates  serve  as  the  basic  substances 
supplying  energy  under  conditions  of  an  anaarobioeis. 

The  most  favorable  temperature  for  the  growth  of  the  plague 
microbe  is  25-30°,  the  optimal  reaction  for  the  nutrient  medium  is 

found  in  the  interval  of  pH  =  6. 9 -7.1. 

The  isoelectric  point  of  the  plague  bacillus  lies  within  the 
limits  of  pH  ~  u»04|.,4,  typical  of  gram-negative  microbes  (N.  N. 
Ivanovskiy,  V«  M.  Tumanskiy,  and  V.  A,  Knyazeza,  (3U) . 

3  is  widely  known,  ona  cf  the  species  characteristics  of 
tie  plngua  bacillus  is  its  ability  to  grow  from  artificial  nutrient 
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media  only  from  a  culture  of  a  considerable  number  of  microbe  bodies 
(not  less  than  10,000). 

In  the  growth  of  the  plague  bacillus  in  ordinary  solid  or 
liquid  nutrient  media  (the  broths  of  Chottinger  and  Marten)  a 
decrease  in  the  oxidation -reduction  potential  of  the  medium  occurs 
as  a  consequence  of  accumulation  in  the  medium  of  reduction  com¬ 
pounds.  The  nature  of  the  these  compounds  is  unlmown.  With  an 
electrometric  method  it  has  been  established  that  the  optimal 
oxidation-deduction  condition  of  the  nutrient  medium  for  the 
growth  of  plague  culture  lies  within  the  limits  of  100-150  rav 
(Is.  E.  Bakhrakh  (35)).  The  artificial  decrease  in  the  oxidation- 
reduction  potential  of  the  medium  by  means  of  addition  of  sodium 
bisulfite  makes  possible  the  growth  of  the  plague  bacillus  from 
individual  cells.  Analogously,  an  extract  of  Sarcina  and  live 
Sardna  (the  phenomenon  of  "k&rmLlka”  /small-scale  culturing?)  • 

Thus,  the  value  of  the  initial  culture  number  of  the  same  strain 
depends  to  a  great  extent  on  the  properties  of  the  medium  in 
which  its  cultivation  is  carried  out. 

The  initial  culture  number  of  the  plague  bacillus  varies 
also  as  a  function  of  the  strain.  In  general  strains  oxidizing 
glycerine  ( "continental11 ) ,  have  a  smaller  Initial  culture  number 
than  strains  which  do  not  oxidize  it  ("oceanic") • 

The  assertion  that  the  initial  culture  nunfcer  of  the  plague 
bacillus  it  almost  independent  of  the  medium  HI  and  the  cultivation 
temperature  (Ye.  I.  Korobkova  and  Ye,  A.  Katina  (36))  has  occasioned 
gnat  doubt.  The  reliability  of  this  suggestion  appears  doubtful 
in  connection  with  the  fact  that  the  functional  tie  between  the 
value  of  the  cod.da.ti an-reduoti on  potential  and  the  medium  reaction 
is  wall  known: 


rH  ■  jjfe  ,, 

B7BSP 


/  2pH 


Also  widely  known  is  the  effect  that  temperature  has  on  the 
value  of  the  oxL dati on-ora ducti on  potential. 

_  As  a  gram-negative  microorganism  the  plague  bacillus  exhibits 

wTZ!Trti8iiX9rent  this  group*  xt  is  rapidly  decomposed 

ti» 

hydrolytic  property  of  the  plague  bacillus  is  manifested 
palely  and  has  been  established  only  in  regard  to  a  few  substances. 
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Thus,  it  has  been  shown  that  for  the  growth  of  the  plague  bacillus 
products  of  the  profound  degradation  of  proteins  are  necessary  — 
araLnoacida  and  peptones  (A.  I.  Bysterenin  et  al  (37))  •  The  plague 
bacillus,  evidently,  does  not  decompose  proteins,  at  least  so  far 
as  blood  proteins  are  concerned  (A.  A.  Trifonova  (38))  and  gelatine# 
It  in  general  does  not  display  the  ability  to  hydrolyse  urea  in 
nutrient  media  (N.  N.  Ivanovskiy  and  Q.  N.  Lenskaya  (39))# 

The  hydrolytic  capacity  of  the  plague  bacillus  is  also  very 
restricted  in  regard  to  carbohydrate#  The  colloidal  polysaccharides 
-*  starch,  dextrin,  and  inulin  —  are  not  utilized  by  the  plague 
bacillus.  Evidently,  this  also  is  the  case  with  glycogen,  although 
several  authors  have  stated  the  reverse;  it  does  net  hydrolyze, 
with  the  exception  of  several  laboratory  strains,  saccharose, 
raffinoaa ,  and  lactose  (very  weakly) .  Trehalose  and  maltose  are 
•stlliBdd  by  the  plague  bacillus  quite  intensively# 

Accepting  the  weak  hydrolytic  activity  of  the  plague  bacillus 
is  to  a  considerable  degree  based  on  indirect  data#  This  reserva¬ 
tion  must  be  made  in  connection  with  the  fact  that  data  still  is 
not  available  on  the  existence  in  the  plague  bacillus  of  phosphccry- 
lase.  Therefore,  in  several  casas  it  is  difficult  to  state  along 
which  pathway  the  substrate  is  utilized  —  through  hydrolysis  or 
through  the  use  of  phophorylaae . 

The  plague  bacillus  exhibits  sharply  pronounced  hyaloronidaeic 
activity,  which  in  virulent  strains  is  considerably  higher  than  in 
avirulent.  The  high  invasion  capacity  of  the  plague  bacillus  is 
related  to  its  ability  to  cleave  the  hyaluronic  acid  of  the  tissues 
of  the  animal  suffering  from  plague  (fe.  I.  Korobkova  (Uo)). 

The  plague  bacillus  oxidizes  a  sizable  number  of  organic 
compounds  —  monosaccharides ,  polyatomic  alcohols,  fatty  acids, 
aminoacids ,  etc.  utilizing  these  as  energy  sources  and  as  plastic 
materials  it  oxidizes  hexoses  (glucose,  fructose,  mannose,  and 
oth era),  most  pentoses,  but  also,  as  might  be  expected,  the  decom¬ 
position  of  the  latter  is  accompanied  by  considerably  mere  difficulty 
i.'.nnn  .vn  too  other  instances. 

Kaaoatc.sd.c  alcohols  (methyl,  ethyl,  propylene)  and  diatomic 
i'«i\y-l.oneglycol)  are  not  oxidized  by  the  plague  bacillus; 
anuio  A'.o  alcbhols  —  glycerine  —  are  not  oxidized  by  all  strains; 
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quadriatomic  (erybhriotol)  and  pentatonic  alcohols  (arabite,  xylite) 
are  not  oxidized.  Of  the  hexatomLc  alcohols  the  plague  bacillus 
CKldizes  wnmlta,  sorbite,  and  does  not  oxidize  duldtol. 

The  products  of  plague  bacillus  oxidation  of  carbohydrates 
and  polyatomic  alcohols  have  rereined  almost  completely  univeetigated. 

The  plague  bacillus  ferments  glucose  -with  the  formation  of 
involatile  (90^)  and  volatile  (10^)  acids.  Of  the  involatile  acids 
succinic,  malic,  and  citric  acids  have  been  identified  (N»  N, 
Ivanovskiy ,  V.  3.  Bashev  (41) )  have  been  identified  as  *011  as 
lactic  acid. 


Moat  of  the  aminoacide  in  the  fatty  series  are  intensively 
oxidized  by  the  plague  bacillus .  The  -we 11 -known  generalization  that 
gram-negative  microorganisms  do  not  utilize  arginine  is  wholly  con¬ 
firmed  also  in  regard  to  the  plague  bacillus  —  it  does  not  caddiae 
this  acid.  Of  the  aromatic  aminoacide  the  rule  of  tfauirfc  applied 
only  in  regard  to  tyrosine,  which  is  oxidized  by  the  plague  bacil¬ 
lus  very  weakly.  Heterocyclic  andnoacids  (tryptophan  and  histidine) 
are  not  oxidized. 


Of  the  enzymes  associated  with  oxygen  respiration,  catalase 
peroxidase  (M.  N.  Dzhaparidze  (42)),  and  cytochromoxidase  have  been 
discovered  in  the  plague  bacillus. 

The  dehydrases  of  the  plague  bacillus  have  been  stidies  most 
inadequately.  The  existing  material  on  this  problem  relates  only 
to  the  ability  of  the  enzyme  to  dehydrate  various  substrates  under 
anaerobic  conditions,  in  the  presence  of  methylene  blue. 


Woodward  (42)  shewed  that  live  plague  bacilli  and  cells 
killed  with  phonylmercumitrate ,  and  also  nonce  11  ular  preparations 
decompose  yeast  ribonucleic  add  (ribonucleasic  ability). 

Primarily,  its  action  consists  in  depolymBrizating  the  nucleic 
acid.  In  the  analysis  of  its  decomposition  products  hydrochloric 
acid  precipitation  and  uranil  fractionating  are  employed.  Based  on 
*“? dat*  obtained  has  136011  concluded  that  only  part  of  the  nucleic 
add  is  hydrolized  to  mononucleotides,  for  the  bulk  the  process  is 
limited  in  its  depolymerization. 


Bven  in  studies  of  authors  of  some  time  ago  it  was  noted 
that  the  plague  bacillus  grows  considerably  better  on  a  nutrient 
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medium  which  has  had  blood  or  heroin  added  to  it.  These,  media  were 
suggested  for  isolating  the  plague  bacillus  from  weakly  Infected 
material.  It  was  shown  that  henatin,  cosiroaae,  thiamine,  and 
nicotinic  acid  was  to  be  considered  as  weak  plague  bacillus  growth 
stimulators.  Moreover,  it  must  be  noted  that  in  the  action  of 
■y®  indicated  substances  there  is  no  parallelism  between  growth 
intensity  and  respiration  intensity.  The  most  stimulating  action  on 
respiration  is  exhibited  by  nicotinic  acid,  the  least  —  by  hemstin, 

Rao  (I4J4.)  also  undertook  an  attempt  to  establish  the  amLnoadn 
requirements  of  the  plague  bacillus.  This  author  showed  that  three 
.ormnoacids  are  required  for  the  growth  of  the  plague  bacillus:  pro- 
Hoe,  phenylalanine,  and  cystine.  However,  the  author  introduced 
into  the  composition  of  the  synthetic  nutrient  medium  for  cultivating 
the  plague  bacillus  a  considerably  larger  number  of  aadnoacids  (1£). 
Research  done  in  the  19$3  period  has  shown  that  for  the  growth  of 
the  plague  bacillus  a  small  nuaber  of  aminoaoids  are  sufficient, 
including  the  nonobligatory  presence  of  most  of  their  cyclic  repre¬ 
sentatives.  Moreover,  it  is  important  to  azrphasize  that  the  aad.no- 
acid  requirements  for  tho  plague  bacillus  vary  as  a  function  of 
the  strain  origin. 

These  data  permit  the  conclusion  that  the  andnoacid  and  growth 
substance  requirements  for  gram-negative  cells  are  not  large,  since 
they  am  be  synthesized  by  the  cells  themselves. 

The  plague  bacillus  does  not  contain  an  essential  number  of 
free  aadnoacids  in  view  of  the  fact  that  gram-negative  cells  do  not 
require  them  to  be  accumulated  in  protoplasm. 

Plague  bacillus  strains  of  various  origins  respond  differently 
to  ammonia,  nitrites,  and  nitrates.  Some  of  these  oxidize  ammonia 
to  nitrous  acid,  others  have  the  capacity  to  oxidize  it  to  nitric 
acid,  but  the  capacity  of  many  plague  bacillus  strains  to  reduce 
nitrates  to  nitrites  is  also  known  (S.  P.  Konovalova  (146),  N.  7. 

Uryupina  (1*7)). 

Some  data  found  only  in  the  study  of  Ye.  M.  Gubarev  and 
T.  I.  Lipatovaya  (^8)  deal  with  the  mineral  nutrition  of  the  plague 
bacillus.  Special  attention  in  this  study  is  attracted  to  the  favorable 
effect  of  ammonium  and  managanese  ions  for  the  growth  of  the  plague 
bacillus,  which  ions  when  present  at  a  concentration  of  8.3  milli¬ 
moles  in  the  medium  in  the  form  of  hydrochloric  salts  significantly 
increase  the  development  of  the  plague  bacillus  (ammonium  ion  by 
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kT.7%  and  manganese  ion  by  70«7$)>  a  sharp  suppressing  action  is 
exerted  on  the  process  of  bacillus  multiplication  by  the  iodide  ion, 
but  sodium  sulfate  strengthens  the  growth  of  tho  plagye  bacillus. 

Several  strains  from  the  "continental"  grot?!  exhibit  the 
capacity  to  form  liydrogen  sulfide  during  growth  in  media  containing 
cystine,  cysteine,  and  methionine.  The  division  of  microorganisms 
into  two  different  groups  —  autotrophes  and  heterotrophes,  as  is 
known,  is  not  strict.  The  plague  bacillus  —  a  "typical"  hetero- 
trophe  —  exhibits  the  capacity  to  form  nitrites .  from  aimtionia,  and, 
probably,  uses  carbon  dioxide  (see  below  for  more  detail). 
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HAGUE  MOULDS  AS  A  GRAM-NEGATIVE  CELL 


Pages  33-36 


Tlie  empirically  discovered  method  of  staining  bacteria, 
that  was  also  suggested  by  H.  Gran, .  Ms  omr  the  coarse  of  the  years 
after  its  discovery  attracted  the  attention  of  numerous  investigators 
dua  to  the  fact  that  it  affords  a  convenient  test  in  the  classifi¬ 
cation  of  microorganisms. 

The  relationship  of  various  bacteria  to  the  Gram  staining 
has  at  present  acquired  the  significance  of  an  important  system¬ 
atic  feature  of  the  bacteria,  according  to  ■which  all  microorganisms 
are  divided;  into  two  groups:  gram-negative  and  gram-positive. 
division  reflects  profound  differences  in  the  structure  of  oells. 
expressed  in  the  most  diverse  ways.  The  properties  of  bacteria: 
tinctorial,  reaction  to  acids  and  alkalis,  penetrability  of  their 
protoplasm,  resistance  to  poisonous  substances,  antigenic  structure, 
character  of  toxins,  ate*  —  differ  strongly  for  gram-negative  and 
for  gram-positive  micro organisms.  However,  it  muAt  be  kept  in  view 
the  distinction  between  gram-negative  and  gram-positive  bacteria 
is  not  absolute.  The  indicated  groups  are  related  to  each  other  by 
gram-unstable  microorganisms  occupying  an  intermediate  position. 

th®  essance  **  the  structural  difference 
gram-negatiiv©  and  gram-positive  microbes  it  is  necessary 
know  the  chemistry  of  staining  that  enploys  this  method.  Thusfar 
dete?ia+Mn0t  t0,be  irately  complete  data  explaining  lT* 

SS*,r6?ai?2!  IMS £“ 
-  -  ass 
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and  desoxyribonucleic  (nuclear).  Bacteria  stained  according  to  Oram 
are  characterized  by  a  high  content  of  ribonucleic  acid  and  a  rela¬ 
tively  low  content  of  desoxyribonucleic  acids*  The  ratio  of  these 
acids  in  gram-positive  bacteria  is  approximately  8:1,  and  for  gram- 
negative  the  same  ratio  is  1.3:1.  Thus,  gram-negative  bacteria  . 
contain  both  kinds  of  nucleic  acids  in  quantities  much  closer  to 
each  other  than  exists  in  gram-positive  bacteria » 

When  staining  according  to  Gram,  the  chemical  composition 
and  condition  of  the  surface  layer  of  the  bacteria  is  especially 
important  (and  decisive).  For  gram-negative  microbes  the  surface 
layer  of  the  cell  contains  a  protein-ribonucleic  complex. 

It  has  also  become  clear  that  the  isoelectric  points  of  gram- 
negative  bacteria  are  grouped  around  pH  ■  5  but  the  isoelectric 
points  of  gram-positive  bacteria—  about  pH  a  2.  In  other  words, 
the  protoplasm  of  bacteria  stained  positively  according  to  Gram 
have  a  more  acid  resection  than  for  bacteria  not  stained  according 
to  this  method.  The  plague  microbe  is  gram-negative •  However, 
cells  from  young  cultures  are  frequently  weakly  stained  according 
to  the  Gram  method. 


As  is  known,  in  the  growth  process  of  the  bacterial  cell 
the  value  of  its  negative  charge  changes;  young  cells  are  more 
electronegative  than  adult,  and  the  Isoelectric  point  of  the  proto- 

shifts  towards  the  add  side  in  comparison  with 
old  ceils.  The  high  content  of  nucleic  adds  characteristic  of  yoww 

+Si+a-!Pr0+f>?r  f5plains  thair  high  opacity  to  fix  with  basic 
stains,  that  is,  their  increased  basophllicity. 

observQd  Phenomenon  that  individual  undamaged  cells 
£  *  816  Stainad  >feak^  Positively  accordingto  thT 

SSL  ^  Jolly  corresponds  to  the  considerations  presented 

terizes  th?Sff^nHndlSdual  sPecinens  to  a  certain  extent  charae- 

88  a  SrRm~P°sitive  cell.  The  relative 
f 4 i the  Plago®  bacillus  is  confirmed  also  by  the 

but  closer  to  the  grSoAf 

the  PiC  ESS  lnSs1S^1aL°2^Lt0|?fSc 

bjr  Te.  I.  KorobkCTaya  (W),  L.  7.  lX^.1nd1e!1!*UbS=‘^ 
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(50),  V,  G.  Chernobayev  (5l),  and  others.  Later,  N.  N.  Ivanovskiy 
(52)  carried  out  a  quantitative  determination  of  the  nucleic  adds 
(based  on  phosphorous)  in  the  dried  and  defatted  bacterial  bodies. 
According  to  his  data,  the  plague  bacillus  contains  approximately 
11#  nucleic  adds  on  a  dry  -weight  basis  of  the  bacterial  mass. 

To  establish  the  ratio  of  ribonucleic  and  desoxyribonucleic 
adds  in  the  plague  badllus  composition  N.  H.  Ivanovskiy  used  the 
method  suggested  by  Robineau.  This  method  made  possible  a  roughly 
quantitative  distinction  in  the  protoplasm  of  two  types  of  nucleic 
acids,  which  is  important  in  solving  several  physiological  problems 
such  as,  for  example,  the  nature  of  the  growth  and  the  development 
of  the  cells,  the  influence  of  the  nutrient  medium,  composition  and 
other  phenomena  related  to  the  ration  of  both  kinds  of  nucleic  adds. 
The  Robineau  method  applicable  to  the  plague  bacillus  yielded  satis¬ 
factory  results ,  The  plague  badllus  stains  readily  with  various 
basic  aniline  stains,  in  which  its  preliminary  tannin  treatment 
does  not  reflect  on  its  ability  to  receive  the  stain,  a  characteristic 
for  gram  utegative  badlli. 

In  the  specialized  literature  on  the  biochemistry  of  microbes 
it  is  frequently  noted  that  gram-negative  bacteria  differ  in  their 
chemical  composition  from  gram-positive. 

As  has  been  noted  above,  gram-negative  microbes  contain 
ribonucleic  and  desoxyribonucleic  adds  in  amounts  closer  to  each 
other  than  observed  far  gram-negative  bacilli.  Evidently,  gram¬ 
negative  bacteria  include  lipids  of  unsaturated  fatty  acids  in 
lesser  amount  than  those  compounds  are  to  be  found  in  gram-positive 
microbes . 

Considerable  interest  lies  in  oxyethylamine  (colamlne)  as 
a  constituent  of  lipids.  It  is  absent  in  gram-positive  and  was 
discovered  in  an  ether  extract  of  gram-negative  bacteria. 

The  plague  bacilli  has  been  almost  completely  unLvestigated 
in  this  area,  but  enough  has  been  done  to  afford  a  basis  for  assert¬ 
ing  its  inclusion  among  gram-negative  organisms.  Thus,  the  study 
of  A.  I.  Bystrenin  (53)  has  shown  that  "crude"  fat,  taken  frcm  the 
lined  bacterial  mass  of  the  plague  bacillus,  contains  fatty  acids 
with  Iovt  ic-dine  number. 

The  different  species  of  microorganisms  exhibit  dissimilar 
resistance  to  alkalis  and  proteolytic  enzymes,  Analysis  of  data 


relating  to  this  problem  shows  that  gram-positive  microbes  are  con¬ 
siderably  more  resistant  to  these  agents  than  gram-negative.  The 
latter  are  easily  and  readily  subjected  to  decomposition  both  by 
alkalis  as  well  as  by  proteolejrtic  enzymes. 

Even  Lustig  and  Galeotti  observed  that  a  culture  of  plague 
bacillus  is  easily  decomposed  by  a  1#  potassium  hydroxide  solution. 
The  decomposition  at  room  temperature  and  is  almost  complete . 
Actually,  tlie  alkali  concentration  can  be  substantially  reduced  to 
0.2-0.!$  and  even  when  cold  effect  a  very  intensive  lysis  of  the 
culture. 

Practice  shows  that  digestion  of  plague  bacillus  by  trypsin 
to  produce  a  complete  antigen  according  to  the  Raistrik-Topli  method 
speedily  leads  to  the  decomposition  of  the  cells. 
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The  conditions  for  the  existence  of  pathogenic  microorganisms 
can  vary  within  wide  limits*  In  the  organism  of  an  animal  susceptible 
to  a  given  infection  the  causative -r&croa^anLsns  have  conditions 
of  life  differing  sharply  from  those  which  are  created  upon  culturing 
the  organisms  in  artificial  nutrient  media*  In  the  latter  bacteria 
are  subjected  to  the  influence  of  ever  changing  external  conditions . 

The  qualitative  and  quantitative  composition  of  the  medium*  the 
temperature,  the  pressure  of  ocxygen  and  of  carbon  dioxide  change, 
the  active  reaction  of  the  medium  varies,  as  well  as  the  oxidation- 
reduction  status  of  the  nutrient  medium,  etc*  Existing  under  the 
continuous  Influence  of  diverse  altering  physical  and  chemical  factors 
of  the  external  environment,  the  microbial  cell  rapidly  responds 
with  adaptation  reactions.  The  adaptation  of  the  microbial  call 
to  the  new  conditions  of  existence  occurs  primarily  through  the 
rearrangement  of  its  enzyme  systems. 

The  flexibility  and  high  mobility  of  the  enzyme  apparatus 
of  bacteria  assured  it  of  the  possibility  of  living  in  medium  which 
is  new  to  it. 

Many  published  studies  on  various  phases  of  plague  micro¬ 
biology  testify  to  the  capacity  of  the  plague  bacillus  to  alter  its 
metabolism  within  wide  limits.  However,  discussion  of  these  studies 
has  met  with  difficulties  not  only  those  related  to  the  widely  known 
complexity  of  the  plasticity  problem  of  microorganisms  bub  especially 
due  to  the  deficiency  of  experimental  material  which  would  yield 
to  aystemization  and  permit  on  this  basis  the  drawing  of  generalizing 
conclusions . 

According  to  the  concepts  presented  it  would  appear  profit¬ 
's le  t.>  iwise  a  first  experiment  of  the  biochemical  analysis  of 
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plague  bacillus  variability  in  tarns  of  the  broadest  cell  metabolism 
factors.  Here,  experimental  data  would  chiefly  be  used  which 
summarily  reflects  the  reaction  of  the  cell  to  be  changing  conditions 
of  life  without  a  special  analysis  of  the  possible  deviations  in 
individual  processes  of  cell  metabolism  with  which  this  reaction 
is  associated*  Included  among  the  general  reactions  toward  the 
external  environment  of  the  microorganism  is  primarily  the  change 
in  the  character  of  its  oxidation-reduction  processes.  The  plague 
bacillus,  as  a  function  of  the  conditions  of  its  cultivation, 
employs  a  sometimes  more  and  sometimes  less  pronounced  anoocLbiotic 
type  of  metabolism. 

As  is  known,  anaerobiosls  in  aerobic  bacteria  is  a  wide¬ 
spread  phenomenon,  with  which  microbiologists  (facultative  aerobes 
and  anaerobes)  have  often  dealt. 

Aerobe -microorganisms  obtain  energy  and  construct  their 
protoplasm  as  a  result  of  complex  processes  of  ood dicing  carbo¬ 
hydrates  and  various  nitrogen-containing  compounds  with  the 
participation  of  molecular  hydrogen.  These  substances  can  within 
certain  limits  substitute  for  each  other  in  the  processes  indicated. 


When  oxygen  is  in  short  supply  such  a  diversity  of  compounds 
participating  in  the  cell  metabolism  is  not  observed.  In  anoxybiosis, 
as  a  general  rule,  carbohydrate  metabolism  prevails  strongly  over 
all  the  other  forms  of  metabolism.  Nitrogen  metabolism  is  reduced 
considerably,  and  oxidation  of  fat  is  noted  only  as  an  exception. 


The  shift  in  aerobic  metabolism  toward  the  side  of  greater 
anaerobiosls  in  bacteria  has  been  observed  in  those  cases  when  the 
oxygen  employed  due  to  various  reasons  was  reduced,  but  the  energy 
requirements  for  the  metabolism  remained  as  before,  .  Most  commonly 
the  factor  for  decreased  use  of  oxygen  by  the  microorganisms  is 
®?npen*'ra'fcion  In  the  medium.  However,  even  with  a  suffi- 
°^s9n  contQnt  in  the  medium  surrounding  the  cell, 
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Thus,  Cahn  and  Bronner  (5U)  indicated,  that  the  poorer  the 
medium  is  in  nutrients,  the  more  profound  growth  ia  noted  for  an 
intestinal  bacillus,  that  ia,  in  other  words,  metabolism  in  the 
intestinal  bacillus  becomes  more  anaerobic.  This  regularity  has 
been  observed  for  mazy  microbes,  including  also  pathogenic* 

Changing  the  partial  pressure  of  oxygen  in  the  gaseous  mixture 
over  the  nutrient  medium  can  sharply  alter  the  extent  of  grefowl 
growth  of  the  microbe.  Upon  reducing  the  partial  prtMttte  of  o aqrgm 
growth  becomes  more  superficial  and,  on  the  other  hand,  upon 
increasing  the  partial  pressure  of  oxygen  growth  be  eases  mean 
profound. 


The  same  authors  believe  that  an  increase,  in  osygus  sensi¬ 
tivity  arises  in  mioravganisw  as  a  result  of  a  carbon  deficiency 
in  the  source.  In  general  the  smaller  amount  of  carbon  sooroe  in 
the  medium,  the  more  -vigorously  doss  the  inhibiting  action  of 
oxygen  on  the  growth  of  tbs  microbial  cell  appear. 

Location  of  the  sane  of  microbe  growth  in  a  liquid  nutrient 
medium  depends  also  on  temperature. 


Upon  reducing  tesperature  the  growth  sons  subsides  (a  awe 
anaerobic  process),  moreover,  this  zone  subsides  also  when  the 
temperature  lies  above  the  optimal  level  far  the  development  of 
the  given  microorganism.  Attempts  to  explain  the  dee* 

cribs d  by  a  constant  value  for  oxygen  diffusion  in  the  cell  and, 
consequently,  to  establish  a  relationship  between  the  entrance  of 
ojqnsten  aad  the  bias  of  the  oell  surface  (during  stravation  the  call's 
surface  is  reduced)  have  proven  to  be  unworkable. 


ihe  inte»sity  of  metabolism,  the  medium  pH.  the  carbon 
dioxide  pressure,  and,  finally,  the  temperature  at  wSchthT 
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The  oxygen  requirement  is  reduced  to  a  ndtrtimm  if  the  oell 
resides  in  a  liquid  medium  containing  a  very  low  salt  concentration, 
that  is,  here  partial  anaerobiosis  appears.  This  position,  evi¬ 
dently,  is  wholly  substantiated.  Finally,  it  has  bean  shown  that 
vitamins  play  an  exceptionally  great  role  in  the  life  of  bacteria. 


By  Trains  of  vitamins  the  metabolism  of  the  cell  can  be 
altered,  regulating  the  synthesis  and  storage  of  fat  by  the  oells, 
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as  well  as  of  glycogen,  nucleic  compounds,  altering  the  development 
of  cellular  structures,  forming  specific  enzymes,  etc.  Thus,  for 
example,  an  excess  of  B]_  in  the  medium  (in  the  abeenoe  of  antag¬ 
onistically  acting  vitamins)  causes  in  the  metabolism  of  yeast, 
organisms  even  under  aerobic  conditions  a  sharp  displacement  toward 
the  side  of  intensified  fermentation  without  a  noticeable  decrease 
in  respiration.  The  rearrangement  of  the  structure  and  chemistry 
of  the  cell  occurring  in  this  instance  is  very  reminiscent  of  what 
has  been  observed  in  its  development  under  anaerobic  conditions. 

As  evidence  favoring  the  partial  transition  of  the  bacterial 
cell  to  anaerobic  metabolism,  we  have  the  following: 

1)  accumulation  in  the  medium  of  end  products  of  the  incom¬ 
plete  oxidation  of  organic  substances,  for  example,  organic  acids , 

2)  increase  in  the  quantity  of  required  carbohydrates}  and 

3)  increase  in  the  value  of  the  respiration  coefficient* 

The  plague  bacillus  is  not  capricious  towards  the  composi¬ 
tion  of  the  nutrient  media  in  which  it  is  cultivated,  in  that  it 
readily  and  in  gerat  quantity  yields  morphologically  altered  forme. 
The  polymorphism  of  cells,  as  is  known,  is  one  cf  the  typical  fea¬ 
tures  of  plague  culture. 

The  capacity  of  the  plague  bacillus  to  grow  in  nutrient 
media  of  diverse  chemical  composition  and  its  polymorphism  evidence 
the  high  adaptative  activity  of  the  plague  causative  to  hbw  condi¬ 
tions  of  life  created  for  it. 

The  variability  cf  the  plague  bacillus  metabolism,  appears  in 
the  morphological  features  of  its  colonies  (S-,  R-,  o-forms,  etc.) 
and  individually  examined  cells  in  biological  (virulancy)  and  bio¬ 
chemical  activity. 

It  is  unquestioned  that  the  presence  of  shifts  in  the 
metabolism  of  the  plague  bacillus  can  be  most  easily  perceived  from 
morphological  changes,  for  example,  from  the  phenomenon  of  culture 
dissociation. 

Dissocation  of  the  cultures  of  microorganisms  is  an  often- 
observed  effect.  It  frequently  appears  in  bacteria  when  they  have 
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aged  and  as  a  result  of  unfavorable  conditions  of  existence.  Most 
authors  have  relegated  this  phenomenon  of  bacteriophagy  to  a  special 
position. 

In  distinction  to  almost  all  gram-negative  bacteria  the 
plague  bacillus  under  natural  conditions  exists  in  a  rough  farm, 
adapting  itself  to  conditions  of  parasitism.  This  feature  explains 
many  characteristics  in  the  course  of  plague  infection.  Only  a  few 
authors  have  noted  that  they  have  been  successful  in  Isolating  from 
wild  rodents  the  smooth  variety  of  the  plague  bacillus. 

The  plague  bacillus  is  included  among  those  ape  dee  of  bac¬ 
teria  which  dissociate  with  difficulty  into  stable  varieties. 

The  indicated  ability  explains  its  discovery  under  natural 
conditions  in  the  rough  form*  A  long  series  of  transitional  forms 
(O-foms)  link  the  typical  parasitic  coarse  farm  with  the  svirulent 
relatively  stable  smooth  tern.  Various  intermediary  forms  are  extremely 
diverse  in  their  morphology  and  are  very  unstable.  This  refers  both 
to  the  transitional  coarse  variety,  as  well  as  especially  to  the 
transitional  smooth. 

Apparently,  the  stability  of . the  smooth  varieties  increases 
as  they  approach  in  biochemical  properties  the  pseudo-tubercular 
microbe,  which  under  natural  conditions  is  found  in  the  smooth 
form. 


It  must  be  emphasized  that  cultures  of  various  strains  of 
plague  bacillus  undergo  dissociation  with  dissimilar  facility. 

In  general  the  "continental"  strains  dissociate  considerably  more 
readily  than  do  the  "oceanic". 

The  mambrane  of  the  microbial  cell  which  reflects  changes 
in  the  metabolism  occurring  in  the  cell  plays  an  undoubtedly  visible 
role  in  the  question  of  plague  bacillus  dissociation.  The  cellular 
membrane  in  the  rough  and  in  the  smooth  forms  differs.  It  develops 
poorly  in  the  smooth  forms,  but  in  the  rough  it  is  well  pronounced. 

Recently  methods  have  been  proposed  with  which  the  distinc¬ 
tions  between  the  rough  and  the  smooth  varieties  of  the  plague 
bacillus  can  be  considerably  more  easily  noted.  Levine  and  darber 
(i£)  were  able  to  readily  identify  the  coarse  and  smooth  colonies 
of  P.  pestis  on  tryptose  (Difko)  agar  containing  triphenyltetra- 
zolchlorl.de »  For  many  other  media  such  differentiation  was  very 
dll'll  c  all . 


A  \%  aqueous  solution  of  tetraaol  was  added  to  molten  tryptose 
agar,  this  resulting  solution  was  sterilised  by  auto -c laving  up  to 
a  concentration  of  0,00$%,  About  20  ml  of  this  medium  were  placed 
into  a  Petri  dish  and  dried  for  2k  hours  at  37° •  The  dish  was  seeded 
with  the  coarse  and  the  siwsoth  forms  of  virulent  and  avirulent 
strains  of  P.  pestis  and  incubated  for  four  days  at  30° .  At  the 
end  of  this  period  the  typically  smooth  colonies  were  circular 
in  form  and  two  mm  in  diameter  j 


GENERAL  CHARACTERISTICS  CF  COARSE  AND  SMOOTH  FORMS 
OF  PLAGUE  BACILLUS 


Coarse  Form 

1.  Does  not  cloud  broth  (aggluti¬ 

native  growth). 

2.  Virulent. 

3.  Immunogenic. 

U.  Colonies  are  colored. 

5.  Menfcranas  are  well  defined 
(cellular  membrane  is  thicker). 

6.  Serologically  less  specific. 

7.  Biochemically  more  active. 

8.  Grow  more  vigorously. 

9.  Reduce  dyes  more  vigorously. 

10.  Stable  form. 

11.  More  sensitive  to  bacteriophage. 


Smooth  Form 

1.  Clouds  broth. 

2.  Avirulent. 

3.  Exhibits  poor  immunogenic 

properties. 

4.  Colonies  more  transparent, 

achromogenic,  with  blue 
shading  when  viewed 
against  light. 

5.  Membranes  considerably 

less  defined. 

6.  Serologically  more  specific 

7.  Biochemically  less  active 

(decomposition  of  carbohy¬ 
drates)  . 

8.  Grow  less  vigorously. 

9.  Reduce  dyes  less  vigorously 

10.  As  a  rule,  trandtory. 

11. .  Less  sensitive  to  bacterio¬ 
phage. 


they  exhibited  a  sharply  bounded  carmine  center,  while  the  coarse 
yielded  colonies  irregular  in  form  and  were  diffusely  colored 
pink.  Differentiation  was  easily  possible  with  the  naked  eye, 
but  even  somewhat  better  through  the  microscope.  The  intermediate 
forms  of  the  colonies  also  were  visible  in  this  medium,  bub  they 
were  extremely  rare,  and  developed  into  a  subculture  as  the  smooth 
or  coarse  forms. 


Garber,  Wo loci: ow,  and  Smith  (56)  used  a  procedure  described 
by  Brown  in  1§U6  in  studying  the  dissociation  of  brucelli  cultures 
with  a  purpose  analogous  to  that  used  for  the  plague  bacillus*  A 
solid  nutrient  medium  was  prepared  containing  the  following  t  top. 
tone  (Difko)  --2SS;  glucose  —  0*2$}  yeast  extract  (Difko)  —  0.8$} 
and  an  agar  —256.  20  ml  of  the  medium  was  placed  in  a  Petri  dish 
and  implanted  with  infection.  After  1(8  hours  of  growth  at  30°  the 
cultures  were  observed  by  the  Brown  method  using  a  blue  light  fil¬ 
ter.  The  3 -colonies  were  oreairy  white,  opalesoent,  with  smooth 
gleaming  convex  surface  and  regular  edges.  The  R -colonies  were 
light  blue,  translucent  through  a  coarse  wrinkled  even  surface 
and  with  irregular  borders  •  The  colonies  differing  one  from  the 
other  displayed  their  morphological  character  following  subculturing. 
For  example,  the  R-colonies  obtained  from  the  strongly  virulent 
strain  of  P.  pestis  displayed  its  stability  after  reculturing, 
but  the  avirulency  was  confirmed  by  bio-tests  (infection  of  xLoe). 
Satisfactory  differentiation  of  the  colonies  was  obtained  upon  recul¬ 
turing  in  a  medium  held  for  the  required  lb  days  in  a  refrigerator. 

Devignaul  (57)  obtained  data  on  the  chramogenic  dissocia¬ 
tion  of  the  plague  bacillus •  In  preparing  vacine  from  the  E7 
strain  following  the  lOlfth  passage  on  the  third  day  of  growth  at 
26°  in  Pu  bottles  he  noted  an  unusually  retarded  growth.  The 
culture  was  checked  microscopically,  and  from  it  a  subculture  was 
obtained  in  a  glycerine-lactose  and  glucose  agar.  The  isolated 
colonies  were  shown  to  be  typically  S-  and  R -forms  in  which  the 
one  or  the  other  form  of  the  colonies  had  a  yellowish  coloration 
with  the  subsequent  preservation  of  its  chromogenic  character. 
Inspection  of  the  morphologioal,  cultural,  biochemical,  and 
biological  properties  of  this  new  strain  led  to  the  conclusion 
of  the  presence  of  "chromogenic  dissociation"  and  perhaps,  also 
mutation.  The  newly  formed  strain  was  obtained  from  P.  pestis, 
but  since  systematic  classification  of  the  strains  of  the  plague 
bacillus  and  of  the  P.  pseudotuberculosis  similar  to  it  was  dif¬ 
ficult,  the  problem  of  the  class  membership  of  the  strain  obtained 
has  remained  unclear. 


CHOICES  IK  THE  METABOLISM  CF  THE  PLAQUE  BACILLUS 
IN  THE  ORGANISM  CF  AN  ANIMAL  fBSCEPPIBLS  TO  THE  PLAQUE 
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All  forms  of  the  mutability  of  the  plague  bad llue  are 
encountered  very  rarely  under  natural  conditions,  and,  therefore, 
in  isolating  from  the  organism,  as  a  rule,  typical  cultures  are 
growi. 


Here  we  can  deal  with  only  two  distinct  forms  of  the  plague 
bacillus  encountered  under  natural  conditions  —  the  glycerine - 
negative  and  glycerine -positive,  since  the  smooth  form,  in  the 
opinion  of  most  researchers,  is  not  isolated  from  animals.  Only 
a  few  authors  have  been  successful  in  isolating  it  under  natural 
conditions  from  wild  rodents. 

As  is  generally  known,  under  natural  conditions  the  glycer¬ 
ine  -negative  strains  of  the  plague  bacillus  generally  pass  through 
the  organism  of  grey  rats,  while  the  glycerine-positive  forms  pass 
through  hibernating  rodents,  among  which  the  marmots  and  Transbai- 
kalian  marmot  (Arctcmys  sibircua)  rank  first  in  importance. 

The  different  relationship  of  the  plague  bacillus  isolated 
from  the  grey  rat  (the  "oceanic"  strain)  and  from  the  hibernating 
rodent  ("continental"  strain)  toward  glycerine  must  be  explained 
based  on  the  characteristics  of  not  so  much  the  chemical  composi¬ 
tion  of  the  tissues  of  the  animals  indicated,  for  example,  the 
fat  content  (7.  M.  Tumanskiy  (58)),  as  much  as  their  metabolism 
(N.  N.  Ivanovskiy  (59)) • 

We  regard  the  suggestion  of  V.  M.  Tumansldy  as  untenable 
because  fat  is  a  necessary  constituent  of  the  organism  both  of 
the  rat  as  well  as  of  the  marmot.  The  amount  of  fat  in  either 
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instance  is  completely  adequate  for  the  nutrition  of  the  bacterial 
cells,  if  theyrequire  fat. 

It  is  reliably  known  that  the  synthetic  nutrient  media 
assuring  a  full  measure  of  growth  for  the  P.  pestis  do  not  contain 
fatty  acids.  As  far  as  glycerine  is  concerned,  if  the  P.  pestis 
cells  require  it,  then  this  substance  is  contained  identically  in 
all  fats.  The  difference  in  the  quantitative  amount  of  glycerine 
in  various  animals  cannot  be  of  significance.  Therefore,  the 
assumption  of  V.  M.  Tumanskiy  of  the  possible  adaptation  of  the  P. 
pestis  cells  toward  glycerine  specifically  in  the  marmot  organisms 
but  not  in  the  organism  of  the  rat  cannot  be  grounded  on  any  con¬ 
siderations  of  the  biochemical  properties  of  these  bacteria. 

The  grey  rat  is  in  the  biological  sense  a  more  active  animal 
which  during  the  course  of  its  entire  life  remains  unchangeably 
most  active.  The  hibernating  rodents  —  the  marmot  and  especially 
the  Transbaikalian  marmot  —  spend  a  considerable  portion  of  their 
life  in  the  sleeping  state j  during  the  course  of  the  year  the  marmot 
is  found  in  a  sleeping  condition  for  around  six  months  and  the  Trans bai 
kalian  marmot  —  for  about  nine  months. 

Without  dealing  with  the  entire  complexity  of  the  problem 
of  the  metabolism  of  hibernating  rodents,  we  note  only  that  the 
hibernation  of  the  animal  leads  to  a  shrrp  decrease  in  its  oxida¬ 
tive  processes  occurring  with  the  participation  of  air  oxygen.  In 
this  connection,  a  considerable  decrease  in  the  oxygen  content  sets 
in  as  well  as  an  accumulation  of  carbon  dioxide  in  its  tissuas. 

All  tills  represents  a  foundation  to  characterize  the  metabolism 
of  an  animal  found  in  the  sleeping  state  as  approaching  anoxyblosis 
( according  to  respiration  type) • 

In  opposition  to  what  has  been  said  of  the  grey  rat,  leading 
a  very  agile  kind  of  life,  according  to  its  metabolism  it  can  be 
studied  in  comparison  with  the  hibernating  rodents  as  an  ari  m*n 
with  or enounced  oxybiotic  processes  with  intensive  respiration  of 

the  tj.'!aui?,{j. 

•''ho  differing  response  of  "oceanic?*  and  "continental"  strains 
of  tho  siu-gwe  bacillus  toward  glycerine  must  constitute  a  link  with 
the  V;  :  of  metabolism  of  the  basic  carriers  of  the  infection. 

or  ought  forth  on  the  problem  of  the  genesis  of 
.j«r,iv:.vo  and  glycerine -negative  strains  lead  us  to  the 


following  single  supposition.  The  differing  response  of  "oceanic’1 
and  "continental"  strains  of  the  plague  bacillus  toward  glycerine 
is  a  consequence  of  their  dissimilar  capacity  for  glycolysis  emerging 
as  a  result  of  prolonged  passage  in  one  instance  through  the  grey 
rat  ( "aerobic"  metabolism) ,  and  in  the  other  —  through  the  organism 
of  the  hibernating  rodent  ("anaerobic"  metabolism). 

Our  supposition  is  confirmed  by  experiments  carried  out  in 
vitro,  in  which  tie  possibility  was  demonstrated  of  transforming  the 
glycerine -negative  strains  into  glycerine -positive  and  their  reverse 
transition.  These  experiments  can  serve  as  a  model  of  what  is 
slowly  accomplished  under  natural  conditions  in  the  organisms  of 
wild  rodents.  In  practice  these  changes  take  place  considerably 
more  rapidly  owing  to  the  rigid  conditions  in  which  the  plague  cul¬ 
tures  exist. 

The  low  oxygen  content  in  the  tissues  that  was  observed  in 
hibernating  rodents  during  the  sleeping  period  with  the  simultaneous 
considerable  accumulation  of  carbon  dioxide  in  the  same  tissues  is  a 
leading  factor  which  determines  basically  the  high  leavening  activity 
of  the  plague  bacillus  strains  isolated  from  them.  Opposing  pro¬ 
cesses  occur  upon  the  emergence  in  nature  of  glycerine-negative 
strains.  The  high  oocygen  content  in  the  tissues  of  the  grey  rat 
suppress  the  leavening  capacity  of  the  plague  bacillus  which  leads 
to  the  formation  of  these  strains. 

Several  foreign  authors  have  emphasized  that  the  ability 
of  the  plague  bacillus  strains  isolated  from  wild  rotents  to  oxidize 
glycerine  is  not  constant  and  varies  strongly.  In  addition,  it 
has  been  shown  experimentally  that  prolonged  passage  in  a  marmot 
of  a  virulent  strain  of  the  plague  bacillus  of  "oceanic"  origin 
leads  to  the  emergence  in  its  tissues  of  the. glycerine -positive 
form,  but  upon  passage  of  the  virulent  "continental"  strain  on 
the  noontide  sandstone  /polutennaya  peschanka  7  leads  to  the  forma¬ 
tion  of  the  glycerine-negative  variety.  These  investigations 
have  undoubtedly  demonstrated  the  possibility  of  transition  of 
one  variety  of  the  plague  bacillus  into  another  under  natural 
conditions. 

The  variability  of  the  plabue  bacillus  metabolism,  as  has 
been  made  clear,  depends  on  many  factors  of  the  external  environ¬ 
ment,  Of  these  factors  those  have  been 'studied  basically  which 
affect  the  respiration  of  the  plague  bacillus.  The  rearrangement 


in  the  enzymatic  respiratory  system  of  the  cell  radically  alters 
its  entire  metabolism.  0£  course,  all  forms  of  the  variability 
of  the  plague  bacillus  can  never  be  reduced  only  to  changes  to.  its 
respiration  type.  Nonetheless,  based  on  the  point  of  view  presented 
concerning  the  natural  variability  of  the  plague  bacillus,  the  geo¬ 
graphical  distnibtion  of  the  different  varieties  of  plague  causative 
organisms  can  be  easily  carried  out.  The  origin  of  the  varieties 
of  plague  bacillus  is  related  to  the  species  of  wild  rodents,  in 
which  their  passage  takes  place. 

Numerous  studies  confirmed  the  correctness  of  this  point  of 
view.  Thus,  Matumoto  (60),  in  studying  the  properties  of  69  strains 
of  P.  pestis,  obtained  results  confirming  the  former  data  that  showed 
an  intimate  relationship  between  the  decomposition  of  glycerine  by  a 
plague  causative  and  its  geographical  distribution*  All  the  strains 
stemming  flfom  the  "third  constant  endemic  focus"  (Southeast  Russia, 
Central  Asia,  Mongolia,  and  Transbaykal'ye)  were  glycerine-positive, 
and  all  the  strains  emanating  from  the  first  "endemic  focus"  (the 
Eastern  Himalayas)  —  glycerine -negative.  The  author  concluded 
that  in  response  of  ary  freshly  Isolated  strain  toward  glycerine 
can  serve  as  an  indication  of  the  geographical  origin  of  the  given 
epidemic. 

Davlgnaut  and  Boivin  (61)  summarized  the  results  of  26  bio¬ 
logical  tests  carried  out  on  liquid  cultures  of  1+2  P.  pestis  strains 
isolated  from  rats  and  from  affected  persons  in  the  region  of  Lake 
Albert  (Belgian  Congo).  The  most  characteristic  feature  of  the 
strains  was  their  inclusion  in  the  glycerine-positive  group,  which 
was  shown  by  a  colorimetric  test  with  brombhymol  blue  as  an  indi¬ 
cator.  The  authors  proposed  that  the  designation  of  "ancient 
variety  of  plague"  may  be  given  to  glycerine-positive  strains.  The 
aim  of  their  research  was  to  promote  the  understanding  of  the  pne- 
valance  in  various  parts  of  the  earth  of  glycerine -negative  and 
glycerine -positive  strains  of  plague  bacilli. 

Devignaufc ,  dealing  with  the  relationship  between  the  bio¬ 
chemical  variability  of  the  P.  pestis  strains  and  their  geograph¬ 
ical  distribution,  classifies  them  according  to  a  combination  of 
two  characteristics;  the  ability  to  decompose  glycerine  and  to 
form  nii/ioac  acid  in  the  usual  broth  culture  (Table  l). 
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TABLE  1 


Deconposition 

Formation 

of  Glycerin 

of  HNO  2 

Variety  I 

P.  pestis  orientalis 

_ 

/ 

Variety  II 

P.  pestis  antiqua 

/ 

Variety  III 

P.  pestis  mediavalis 

/ 

- 

The  possible  permutation  is  recognized,  but  mainly  the  hypo¬ 
thesis  is  based  on  the  assumption  that  each  variety  reserves  its 
special  biochemical  characteristic  for  hundreds  and  in  one  instance 
for  thousands  of  years.  Variety  I  emanates  from  India,  Burma,  and 
South  China.  Carried  from  Hong  Kong  by  sea,  it  resulted  in  the 
pandemic  of  I89I1  and  the  following  years.  Variety  II  exists  in 
Central  Asia  and  was  carried  toward  the  West  by  eastern  conquerors. 

The  variety  has  been  preserved  and  carried  into  lybia,  Egypt,  and 
Syria,  where  it  has  caused  epidemics  in  the  last  centuries  before 
Christ.  During  the  subsequent  period  it  was  propagated  by  water 
route  into  Central  Africa,  where  it  exists  even  at  the  present 
time.  It  was  the  basis  for  the  great  "Justinian"  pandemic  of  the 
Sixth  Century.  Variety  III  was  formed  by  gradual  transmutations 
from  the  second.  Supposedly  it  caused  the  ,rblack  death",  taking 
2$  million  persons  in  Europe  in  the  middle  of  tho  lhth  Century. 

It  spread  into  the  southeast  area  of  Russia,  Mongolia,  and  Manchuria, 
whore  it  has  existed  up  to  the  present. 

Baltassar  and  Asian!  (62)  have  presented  the  biochemical 
characteristics  of  strains  of  "wild"  plague  in  Kurdistan.  73  strains 
of  P.  pestis  are  described  in  their  report,  isolated  in  the  course 
of  epidemic  examinations  carried  out  in  Kurdistan  over  four years. 

Pour  strains  were  isolated  from  sick  persons;  three  —  from  the  fleas 
of  rodents  j  61  —  from  three  species  of  marmot;  three  —  from  marmot 
badgers;  and  the  remaining  two  —  from  other  rodents.  All  the  strains 
revealed  simLlar  features:  they  ferment  glycerine,  do  not  decompose 
ramnose  and  do  not  reduce  nitrates  to  nitrites.  The  strains  possess¬ 
ing  these  characteristics  have  up  till  the  present  been  described 
in  the  USSR,  in  North  Caspian,  where  the  marmots  are  also  the  chief 
carrier  of  infection.  The  authors  left  open  the  question  as  to 
whether  related  strains  emanate  from  different  regions  than  those 
of  several  precursors  of  the  microbes  or  whether  this  similarity 
is  explained  by  the  special  resistance  of  marmots  to  the  microbes. 
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Golem  and  Zsan  (63)  dealt  with  the  bio chard. cal  distinctions 
among  four  Turkish  strains  of  P.  pestis.  Three  strains  derive  from 
the  coastal  towns  of  Turkey  and  yield  biochemical  reactions  of  the 
first  variety  of  P„  pestis  oriantalis  according  to  the  Devignaut 
classification.  The  fourth  strain  is  obtained  from  a  village 
located  five  Ian  north  ofthe  Turkish-Syrian  border,  where  there  was 
an  outbreak,  probably  of  the  forest  type,  in  March-April,  19U?. 

This  strain  is  included  according  to  the  Devignaut  classification 
among  the  third  variety  of  P.  pesti3  msdiavalis,  which ferments 
glycerine  and  does  not  reduce  nitrates  to  nitrites.  Ihe  same 
s-ype  was  isolated  by  Baltazar  and  Aslan  in  Kurdistan  close  to  the 
Turkish  border. 
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OXIDATION  OF  GLTCERINE 

Pages  1*8-53 


A.  A,  Bezsonova  (61*)  first  pointed  to  the  different  response 
of  plague  bacillus  strains  toward  glycerine.  A.  L.  Berlin  and 
A.  K.  Borzenkov  (65),  in  analyzing  the  literature  data  and  their 
own  observations  on  the  response  of  various  strains  of  the  plague 
bacillus  toward  glycerine,  discovered  an  interesting  regularity, 
which  was  later  shown  also  to  be  valuable  in  practice.  The  so- 
called  "continental"  strains  of  the  plague  bacillus  exhibit  a 
sharply  pronounced  capacityto  oxidize  glycerine  withthe  formation 
of  acids,  while  at  the  same  time  the  "oceanic"  strains  do  not  oxidize 
it. 


The  observation  indicated  later  found  confirmation  by  many 
researchers,  and  at  present  the  existence  of  an  intimate  relation¬ 
ship  between  the  decomposition  of  glycerine  by  the  plague  bacillus 
and  its  geographical  origin  is  wholly  indisputable. 

The  dissimilar  response  toward  glycerine  of  plague  bacillus 
strains  from  various  geographical  origins  has  still  not  been  given 
an  entirely  acceptable  explanation.  The  process  of  glycerine  fer¬ 
mentation  is  characterised  by  the  following  important  features 
distinguishing  it  lion  the  fermentation  of  glucose: 

1)  the  process  is  arrested  long  before  the  complete  decompo¬ 
sition  of  glycerine;  and 

2)  adding  peptone  to  yeast  water  leads  to  a  fuller  utiliza¬ 
tion  of  the  glycerine,  however,  not  to  its  depletion  —  instead  of 
peptones  aspartic  acid  or  methylene  blue  can  be  added,  functioning 
as  hydrogen  acceptors. 

It  is  clear  +hat  the  initial  phase  of  the  oxidation  of 
glycerine  ir,.  o  a  carbonyl-containing  compound  la  associated  with  the 
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existence  of  an  alien  hydrogen  acceptor.  Subsequently,  its  functions 
can  be  fulfilled  by  the  intermediate  products  of  the  fermentation 
of  the  glycerine  itself. 

The  products  of  the  oxidation  of  glycerine  are  the  same  as 
for  glucose.  However,  the  amount  of  oxidation  products  is  less 
when  compared  vrilth  the  amount  of  reduction  products. 

In  regard  to  the  elucidation  of  the  question  of  the  genesis 
of  glycerine -positive  and  glycerine-negative  strains  of  the  plague 
bacillus,  the  experimental  data  of  various  authors  is  of  consider¬ 
able  interest,  indicating  that  the  strains  of  "oceanic*  origin 
following  prolonged  storage  in  a  museum  or  by  means  of  their  adap¬ 
tation  to  glycerine  acquire  the  capacity  to  oxidize  it  in  liquid 
and  solid  nutrient  media  with  the  formation  of  volatile  and  irrvola- 
t.ilo  fatty  acids  (Ye.  I.  Smirnova)  (66).  Through  qualitative  tests 
it  was  established  that  citric  acid  is  amond  the  itivolatile  acids, 
and  that  the  involatile  fatty  acid  fraction  predominates  consider¬ 
ably  over  the  volatile  fatty  acid  fraction.  In  addition,  it  was 
discovered  that  the  museum  strain  EV  also  forms  volatile  and 
involatile  fatty  acids,  but  in  insignificant  amounts. 

The  studies  referred  to  established  the  commonness  of  the 
products  of  the  plague  bacillus -oxidation  of  glucose  and  glycerine. 
Moreover  it  was  noted  that  several  "oceanic"  strains  of  the  plague 
bacillus  during  the  process  of  their  adaptation  to  glycerine  acquire 
the  capacity  to  vigorously  reduce  litmus  —  decolorizing  it,  which 
speaks  in  favor  of  the  formation  by  these  strains,  using  glycerine, 
of  sizable  amounts  of  reduction  compounds. 

With  the  purpose  of  explaining  the  mechanism  of  the  transi¬ 
tion  phenomenon  fo  the  glycerine-negative  strain  into  the  glycerine¬ 
positive,  Yt  Ti*  Ivanovskiy  (6?)  made  the  suggestion  that  the  ability 
of  the  p.i  ague  bacillus  to  oxidize  glycerine  is  determined  by  the 
intensi  !•/  of  its  carbohydrate  metabolism.  According  to  his  reason¬ 
ing,  v  bacillus  strains  with  a  high  fermenting  activity 
b.  ■>  ox.",  bit,  U«;  ability  of  oxidizing  glycerine. 

n-gestion  was  confirmed  in  the  observations  of  N.  V, 

0;.  ’>.  ."lie  showed  that  the  EV  strain  following  its  culti- 

ci.  !■ :J  .Mr  of  vaseline  oil  on  a  liquid  medium  containing 

,j.  !v  '.cpi.'u  ;i  -ho  capacity  to  decompose  glycerine. 


Analogous  experiments  carried  out  with  other  museum  "oceanic11 
strains  of  the  plague  bacillus  shewed  that  under  the  conditions 
indicated  these  strains  also  acquired  the  activity  of  decomposing 
glycerine  in  a  liquid  medium. 

The  acquisition  by  the  plague  bacillus  of  the  capacity  to 
decompose  glycerine  occurs,  apparently,  more  intensively  if  the 
cultivation  of  the  culture  takes  place  in  the  presence  of  carbon 
dioxide.  This  observation  agrees  well  with  the  general  rule  that 
all  haterotrophes  employ  carbon  dioxide  in  some  amount,  and  wholly 
corresponds  to  the  well-known  theory  of  Wood  and  Workman  on  its 
participation  in  carbohydrate  metabolism  (referred  to  in  Stefenson 
(68)).  Moreover,  Wood  and  Workmen  found  that  in  the  dissimilation 
of  glycerine  by  the  bacteria  of  the  Propionibacterium  variety  fixa¬ 
tion  of  the  carbon  dioxide  occurs. 

Unquestionably,  the  opposing  direction  in  the  intraspecies 
variability  of  the  plague  bacillus  is  also  possible  —  the  decreased 
intensity  of  its  carbohydrate  metabolism.  In  other  words,  not 
only  can  the  "oceanic"  strains  of  the  plague  bacillus  make  the 
transition  to  the  "continental",  but  the  reverse  transition  of 
"continental"  strains  into  "oceanic"  can  also  be  realized. 

Based  on  the  general  considerations  stated  dealing  with  the. 
question  of  the  fermenting  activity  of  microorganisms,  N.  V.  Uryuplna 
(U7)  recorded  observations  on  the  intensity  of  glycerine  decomposi¬ 
tion  by  the  No  U76  strain  during  aeration  in  a  liquid  noncarb ohydrate 
medium.  The  experiments  demonstrated  that  a  small  number  of 
passages  under  these  conditions  leads  to  a  stable  loss  of  the 
indicated  strain* s  capacity  to  decompose  glycerine.  In  the  same 
way  under  laboratory  conditions  the  transition  of  the  "continental" 
strain  of  the  plague  bacillus  into  the  "oceanic"  was  carried  out. 

It  mu3t,  however,  be  noted  that  the  rearrangement  of  the  enzymatic 
apparatus  of  the  glycerine-positive  strains  in  their  transition  into 
glycerine -negative,  apparently,  occurs  with  considerably  more  diffi¬ 
culty  than  the  restructuring  in  the  opposing  direction. 

In  this  way,  from  the  metabolic  point  of  view,  the  "conti¬ 
nental"  strains  must  he  characterized  as  intensively  fermenting, 
whereas  the  "oceanic"  must  be  considered  as  strains  with  a  reduced 
fermenting  activity. 
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According  to  the  data  of  7.  I.  Kuznetsova  (69),  glycerine 
is  oxidized  by  almost  all  smooth  varieties  of  the  plague  bacillus, 
but  more  slowly  than  by  the  coarse.  In  this  connection  attention 
must  be  given  to  the  fact  that  the  growth  of  the  smooth  forms  of 
the  plague  bacillus  is  substantially  retarded  in  comparts on  with 
their  coarse  counterparts. 

In  view  of  the  special,  significance  of  the  assimilation  of 
glycerine  by  the  P.  pestis  colls,  in  conclusion  we  deem  it  useful 
to  present  sore  data  on  the  splitting  of  this  substance  by  other 
forms  of  bacteria.  Of  the  studies  cited  in  the  monograph  by  Bra&k 
(?0),  at  least  20  various  products  are  known  which  form  from  gly¬ 
cerine  under  the  influence  of  microbes:  hydrogen,  carbon  dioxide, 
ethyl,  propyl,  butyl,  and  hexyl  alcohols,  2,  3-butyleneglycol, 
trimethyleneglycol,  acetaldehyde ,  acrolein,  1,  3 -propanaldehyde, 
fanrdc,  acetic,  prpionic,  butyric,  caproic,  lactic,  succinic,  and 
acrylic  acids.  In  reality  this  list  far  from  exhausts  the  products 
formed  by  microbes  out  of  glycerine. 

Braak  established  that  B.  aerogenes  and  B.  coli  yield  quali¬ 
tatively  similar  but  quantitatively  differing  products  of  glycerine 
fermentation.  Table  2  presents  a  picture  of  the  products  forming, 
whose  quantity  is  expressed  in  percentages  of  the  total  amount 
assimilated  glycerine. 


The  species  of  microorganisms  which  more  remotely  differ 
from  each  other  form  the  same  products  of  glycerine  fermentation 
as  those  characterized  by  a  sharper  qualitative  distinction. 

Of  the  several  species  of  bacteria  various  strains  oxidize 
glycerine  by  dissimilar  routes.  This  was  discovered  for  the  strains 
of  Aerobac > er  aerogenes  Magasanik  (71) »  For  the  capsule  strain  of 
this  species  oxidation  of  glycerine  occurs  through  glycerine  alde¬ 
hyde  ana  lie  /'acetone  with  the  subsequent  formation  of  pyruvic  acid, 
since  t!  >  c  .-svilo  strain  in  oxidizing  glycerine  forms  as  an  inter¬ 
mediate  :--abjUnco  «<Q.  -glycerophosphate ,  which  is  also  transformed 
j  ite  pyri  ■ ,  acid. 

microorganisms,  for  example  Aerobacter  suboxidans, 
s  ly<-  ■'  »*»*  of  a  few  substances  capable  of  assuring  the  growth 
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(72)).  In  the  given  instance  it  has  been  established  that  even 
dioxyacetone,  as  an  intermediate  product  of  glycerine  oxidation, 
cannot  assure  the  growth  of  the  culture  as  a  sole  carbon  source. 

Glycerine  is  the  most  important  substance  in  the  so-called 
synthetic  media  for  cultivating  mycobacteria.  Extracts  of  the 
latter  (Hunter  (73)),  containing  the  dehydrase  of  glycerophosphate, 
accumulate  pyruvic  acid  by  way  of  glycerine  in  the  presence  of 
arsenous  acid.  Consequently,  the  transition  of  glycerine  occurs 
here  along  the  pathway  of  Embden-Meyerhoff  reaction  scheme  through 
triose. 


Asnis  and  Brodie  (74)  obtained  a  partially  purified  gly¬ 
cerine  dehydrase  from  the  Escherichia  cold,  cells.  The  co-enzyme 
of  this  enzyme  is  diphosphopyridinenucleotide,  and  the  optimum 
action  of  the  enzyme  is  at  pH  ~  10,0,  The  phosphorus  is  entirely 
unnecessary  for  catalyzing  tho  reaction  glycerine  — ^  dioxyacetone. 
Cultures  of  tho  Sj  strain  of  B,  subtilis  grow  well  on  a  nutrient 
medium  containing  only  two  organic  substances:  aspartic  acid  and 
glycerine,  since  the  M2  strain  of  the  same  species  under  these 
conditions  grows  slowly  (Vinne  and  Bourgeois  (75)).  According  to 
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more  recent  data  (76)  the  difference  between  M2  and  the  Si  strains 
reduces  to  the  fact  that  only  the  latter  contains  kinase,  phosphory- 
lating  dioxyacetone.  This  enzyme  is  absent  in  the  M2  strain. 

The  enzymes  of  the  plague  bacillus  oxidizing  glycerine  have 
not  been  objects  of  special  research.  But  there  is  every  reason 
to  assume  for  the  glycerine -positive  strains  of  P.  pestis  the  exis¬ 
tence  of  a  dehydrase  of  liberated  or  phospharylated  glycerine, 
forming  trioses  /-fee  Not«7.  proposal  is  reenforoed  by  the 
capacity  of  the  F.  pestis  cells  to  assimilate  glucose  and  sugars 
close  to  it  according  to  the  reaction  scheme  of  iSmbden-Mayerhof  f , 
in  which  the  trioses  are  obligatory  intermediate  products. 

/SOI $7  We  have  found  confirmation  of  this  viewpoint  in  a 
study  by  G.  F,  Shamanova  and  V.  A»  Blagoveshchsnakiy  (Biokfaindya 
^iochendstr^,  1956,  21,  No  6,  page  729),  who  have  isolated'' gly- 
ceroxynase  from  the  Clostridium  cederoatiena  cells.  This  enzyme 
in  the  presence  of  ATP  phosphorylatas  glycerine  and  thus  includes 
it  in  the  phosphotrioaic  pathway  of  carbolydrate  transformation  both 
along  the  route  of  obtaining  the  end  products  of  fermentation,  as 
well  as  in  the  direction  of  synthesizing  new  carbohydrates.  Analog¬ 
ously,  P.  pestis  in  the  Cl.  oedematiens  group  also  has  two  types t 
A.-  glycerine -positive  and  B-  glycerine -negative,  —  Ed.) 


CARBOHYDRATE  METABOLISM 


Pages  54-61+ 


Carbohydrates  in  the  metabolism  of  tho  bacterial  cell  play 
the  role  of  a  chief  energy  source,  expended  for  various  purposes 
—  to  synthesize  new  compounds  (cell  growth),  for  mobility,  to 
sustain  the  temperature  of  the  cell  protoplasm,  etc.  The  syntheses 
proceed  mainly  by  way  of  carbonyl -containing  intermediate  products 
of  decomposition,  of  various  substances  and  primarily  of  carbohy¬ 
drates  (pyruvic  acid,  aoetaldehyde,  etc.).  From  the  energetic 
aspect  carbohydrates  are  most  completely  utilized  under  aerobic 
conditions j  under  anaerobic  conditions  energy  is  liberated  in 
considerably  lesser  amounts.  The  ratio  of  the  liberated  energy 
differs,  approximately  in  the  order  of  Is  7. 

The  plague  bacilli  utilize  carbohydrates  as  building  material 
and  as  an  energy  source.  In  addition  to  part  of  the  carbohydrates 
which  is  involved  in  tho  formation  of  fatty  acids,  aminoacids,  and 
other  noncarbolydrate  compounds,  the  P.  pestis  cells  synthesize  from 
carbohydrates  their  specific  polysaccharides. 

In  studying  the  chemical  conposition  of  the  plague  bacilli 
and  its  antigens,  many  authors  discovered  polysaccharides.  As  of 
now  only  polysaccharides  associated  with  proteins  have  been  found 
in  the  composition  P.  pestis  cells.  V.  G.  Akimenko  (33)  obtained 
a  polysaccharide  preparation  by  means  of  decomposing  a  cell  with 
trichloroacetic  acid  when  heated  and  followed  by  the  acetone  pre¬ 
cipitation  of  the  polysaccharide.  Using  qualitative  tests  this 
author  established  the  presence  in  the  polysaccharide  of  hexoses, 
pentoses,  amino-sugars,  and  phosphoric  acid. 

The  synthetic  pathways  for  complex  carbohydrates  used  by 
the  P.  pestis  cells  havo  not  been  uncovered,  and  we  can  only  deal 
here  with  the  widespread  bacterial  synthesis  of  any  complex  carbo¬ 
hydrate  involving  participation  of  enzymes  which  carry  whole  frag¬ 
ments  of  nonosaccharides  and  have  been  called  transglucosidsses. 
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An  example  of  such  is  the  synthetic  activity  of  E.  coli.  These 
bacilli,  employing  maltose  as  a  substrate,  are  capable  of  synthe¬ 
sizing  maltotriose  and  maltotetrose  (77)*  Tranglucosidases, 
apparently,  are  capable  of  converting  sora  polysaccharides  into 
others,  as  was  shorn  for  the  cells  of  Acetobacter  capsulation  (78) » 

Many  authors  have  with  the  purpose  of  differential  diagnosis 
studied  the  response  of  the  plague  bacillus  toward  various  carbo¬ 
hydrates.  Much  factual  material  has  been  gathered  on  this  problem, 
indicating  that  the  capacity  to  decompose  carbohydrates  changes 
within  substantial  limits  in  the  plague  bacillus.  Thus,  for  example, 
freshly  isolated  strains  of  the  plague  bacillus  from  wild  rodents 
do  not  oxidize  ramnose.  However,  following  their  prolonged  storage 
in  a  museum  over  tie  course  of  many  years  without  subculturing  they 
acquire  this  capacity,  some  more  readily  than  others. 

For  various  strains  of  the  plague  bacillus,  especially  for 
the  museum  strains,  the  capacity  to  decompose  carbohydrates  undoubt¬ 
edly  differs  sharply.  This  is  first  of  all  explained  by  the  contra¬ 
diction  of  several  literature  data  dealing  with  the  relationship 
of  the  plague  bacillus  toward  mono-  and  polysaccharides,  the 
authors  studying  strains  differing  from  each  other  in  their  fermenting 
capacity.  The  capacity  of  different  plague  bacillus  strains  to 
oxidize  carbohydrates,  varying  within  very  broad  limits,  must  be 
explained  by  their  dissimilar  fermenting  activity,  which  varies  in 
these  strains  as  a  result  of  being  cultivated  in  media  with  differ¬ 
ing  amounts  of  oxygen. 

To  confirm  the  correctness  of  this  thought  observations  on 
the  "oceanic"  strain  EV  of  the  plague  can  be  employed,  which  strain 
was  previously  partly  adapted  to  anaerobic  conditions  by  being  cul¬ 
tivated  in  a  peptone  medium  with  glucose  under  a  layer  of  vaseline 
oil.  Experiments  indicated  that  the  adapted  strain  acquired  the 
capacity  to  more  intensity  oxidize  glucose  than  the  original  strain, 
both  under  anerobic  conditions,  as  well  as  when  the  culture  was 
aerated  (Table  3). 


TABLE  3 


Intensity  of  glucose 
oxidation  in  arbitrary 
units 


Strains 


When  culture 

under  anaerobic 

is  aerated 

conditions 

Original  EV  strain 

10 

23 

EV  strain,  adapted  to  anaerobic 
conditions 

2k 

38 

The  general  direction  in  altered  fermenting  capacity  of  the 
museum  strains  of  the  plague  bacillus,  preserved  for  a  long  period 
in  liquid  and  solid  nutrient  media  in  sealed  test  tubes,  is  deter¬ 
mined  primarily  by  the  relative  oxygen  deficiency  in  the  surround¬ 
ing  environment  which  sets  in  over  the  course  of  time.  Prolonged 
residence  of  the  culture  under  these  conditions  leads  to  substantial 
changes  in  their  carbohydrate  metabolism.  The  plague  bacillus 
evermore  profoundly  reorganizes  its  aerobic  type  of  respiration  into 
a  more  anaerobic  type,  in  this  way  adapting  to  the  new  external 
conditions  which  are  unfavorable  for  its  existence. 

The  intensity  of  carbohydrate  fermentation  depends  not  only 
on  the  oxygen  content  in  the  medium,  but  also  on  the  geographical 
origin  of  the  strain  and  its  existence  in  the  coarse  or  the  smooth 
form. 


From  numerous,  but  diversely  oriented  and  nonsystematic, 
observations  the  unquestioned  conclusion,  however,  must  be  drawn 
that  "continental"  strains  more  onsr-etically  ferment  carbohydrates 
than  do  "oceanic".  Thus,ibr  w^/Le,  A,  !J.  Krayno ;  •  (  76)  noted 
that  she  could  not  even  once  obtain  from  "oceanic"  strains  the  gram¬ 
positive  form,  whereas  from  the  "continental"  strains  this  could  be 
done  relatively  easily. 

In  regard  to  the.  intensity  of  decomposition  of  sugars  by  the 
coarse  and  by  the  smooth  forms  of  the  plague  bacillus  the  conviction 
is  widespread  that  the  latter  are  less  active  in  this  regard.  In  addi¬ 
tion,  however,  it  is  emphasized  that  the  smooth  form  oxidizes  ramose, 
which  the  coarse  variety  does  not  oxidize.  Considering  the  differing 
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A. 


intensity  of  the  growth  of  the  coarse  and  of  the  smooth  forms  of 
the  plague  bacillus,  and  also  the  absence  of  data  directly  defining 
its  fermenting  ability,  such  a  conclusion  would  be  premature. 


In  evaluating  the  biochemical  activity  of  the  smooth  forms 
of  the  plague  bacillus  it  must  always  be  kept  in  view  that  they 
grow  considerably  more  slowly  than  do  the  coarse.  This  circumstance 
easily  explains  many  properties  of  the  indicated  varieties  of  the 
plague  bacillus. 


In  the  overwhelming  majority  of  instances  two  transformation 
pathways  for  carbohydrates  (80,  8l)  have  been  observed  in  the  cell. 
The  first  pathway  —  anaerobic  degradation  —  begins  with  the  phos¬ 
phorylation  of  the  carbohydrate  and  concludes  with  the  formation  of 
pyruvic  acid,  which  is  subsequently  either  reduced  to  lactic  add 
(I)  or  is  decarboxylated  into  acetaldehyde  with  its  subsequent  reduc¬ 
tion  to  ethyl  alcohol  (II). 

The  enzymes  of  the  first  phase  of  carbohydrate  metabolism 
in  the  P.  pestis  cells  have  not  been  subjected  to  systematic  study, 
but  the  existence  of  several  was  shown  with  a  certain  degree  of 
probability.  Thus,  the  phosphorylating  enzymes  as  initiators  of 
fermentation  undoubtedly  are  present  in  the  plague  bacillus,  which 
is  demonstrated  by  the  existence  of  a  mere  or  less  fermenting  capadty 
in  all  these  strains  of  this  species.  In  addition  to  the  indicated 
enzymes,  the  enzymes  known  as  isomerases  are  of  much  significance 
on  the  same  pathway  of  carbohydrates  metabolism.  There  is  no 
question  that  the  plague  bacillus  possesses  isomerases  catalyzing 
the  transformation  of  several  phosphoric  esters  of  the 
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monos  ic.  barxrles  into  others,  without  which  fermentation  would  also 
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In  the  P.  pestis  cells  of  the  avirulent  strain  A1122  the 
xyloso-isomerase  (82)  has  beenibund.  This  enzyme  catalyzes  the 
mutual  transformation  of  three,  unphosphorylated  pentoses  of  xylose 
(aldose)  and  of  xylulose  (ketose).  Xylose -is  omerasews  discovered 
earlier  in  extracts  from  the  cells  of  P.  pseudomonas  hydrophila 
(83),  hut  Mitsuhflshi  and  Larapen  (84)  discovered  this  same  enzyme  in 
extracts  from  Lactobacillus  pentosus. 

Xyloso-isomerase  has  been  obtained  from  the  noncellular 
extract  of  P.  pestic,  raised  in  the  presence  of  oC -xylose.  The 
isomerase  of  the  plague  bacillus  belongs  to  the  thiol  enzymes,  since 
its  activity  is  doubled  or  tripled  in  the  presence  of  cysteine.  Also 
having  an  activating  effect  on  the  enzyme  are  manganese  ions  at  a 
concentration  of  10-24  M  and  magnesium  ions  at  a  concentration  of 
10-3  M.  The  optimum  action  is  at  pH  «  8.0.  Equilibrium  in  the  re¬ 
action  catalyzed  by  this  enzyme,  in  the  absence  of  berate  occurs 
in  the  presence  of  lh%  xylulose  in  the  reacting  mixture,  but  the 
addition  of  borate  shifts  the  equilibrium  to  60-65#  of  the  same 
sugar.  Isomsrase  is  suppressed  by  the  addition  of  trioxymBthyl- 
andnome thane.  At  a  d-xylose  concentration  of  3  x  10“3  M  at  pH  »  7*0 
and  30°  the  enzyme  exhibits  half  of  its  maximum  activity.  Unpuri¬ 
fied  extracts  from  P.  pestis  cells,  grown  in  the  presence  of  d-xylose, 
were  found  to  contain  xylulcainase ,  capable  of  phosphorylating 
d-xylulose  in  the  presence  of  adenosineirlphosphate  but  not  capable 
of  phosphorylating  d-«ylose. 

The  mechanism  of  the  transformation  of  the  pentoses  assimi¬ 
lated  by  the  P.  pestis  cells  has  not  been  studied,  nor  has  this 
process  been  much  examined  for  other  bacteria.  It  has  been  shown 
(Gest  and  Lampen  (8?))  that  d-xylose  tagged  (ClU)  at  the  first 
carbon  atom  is  converted  by  the  nonmultiplying  cells  of  Lacto¬ 
bacillus  pentosus  into  equimolecular  quantities  of  acetic  and 
lactic  acids.  In  this  connection,  C^4  is  detected  only  in  the 
methyl  group  of  acetone.  Hence,  the  methyl  group  of  the  acetic 
acid  is  formed  using  the  Ci  of  xylose  and  splitting  of  the  pen¬ 
tose  occurs  through  rupture  of  the  bond  between  co  and  C3. 
Supplementing  this  fact  by  indirect  evidence  and  by  several 
assumptions  the  authors  (85)  presented  the  following,  scheme  for 
the  splitting  up  of  xyloses 
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Wlwther  the  mechanism  of  the  assimilation  of  d-xylose  by 
the  P,  pestis  cells  is  similar  to  the  above  presented  scheme  it  is 
difficult  to  say  in  view  of  the  absence  of  experimental  data.  However, 
the  presence  in  the  plague  bacillus  of  xyloso-isamerase,  transforming 
d-xylose  into  d-xylulose,  can  favor  the  hypothesis  of  the  authors. 

Another  pathway  for  the  transformation  of  carbohydrates  — 
the  aerobic  —  is  related  to  the  oxidation  of  pyruvic  add  or  of 
acetaldehyde.  Acetaldehyde  is  oxidized  into  acetic  acid,  which 
in  its  turn  serves  as  a  source  for  the  formation  of  several  other 
adds. 


The  approach  of  oxidative  degradation  of  pyruvic  acid  into 
another  proceeds  along  a  tricarboxylic  cycle,  called  the  Krebs 
cycle. 


The  existence  of  mechanisms  of  the  tricarboxylic  cycle  in 
the  P. pestis  cells  has  been  demonstrated  by  direct  studies  (86). 

The  nonmultiplying  bacilli  of  the  plague  accumulate  noticeable  quanti¬ 
ties  of  intermediate  products  of  the  tricarboxylic  cycle.  Such 
cells  oxidize  any  substance  entering  into  the  cycle  of  tricarboxylic 
acids  with  the  formation  of  end  products  —  carbon 
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dioxide  and  Hater*  It  haa  been  shown  that  the  acetate  also  is  Included 
in  the  tricarboxylic  cycle  by  these  cells*  Thus,  the  addition  to  a 
suspension  of  cells  of  labelled  ($-4)  acetate  makes  possible  the 
subsequent  detection  of  Idle  isotope  in  the  intermediate  products  of 
oxidation*  Several  enzymes  of  the  tricarboxylic  cycle  have  also  been 
found  in  the  plague  bacilli  —  isocitrate da  hydrase  and  aconitaee. 


The  chain  of  biochemical  reactions  called  the  tricarboxylic 
cycle  is  a  most  important  source  of  energy  in  the  aerobic  oxidation 
of  the  main  bio-organic  compounds*  It  has  been  shown  that  such 
substances  as  acetic  and  pyruvic  acids  can  be  included  in  the  tri¬ 
carboxylic  cycle,  consequently,  the  products  of  the  degradation  of 
carbonydrates,  glycerine,  fatty  acids,  and  several  aminoacids  are 
used  as  energy  sources  through  a  chain  of  the  cycle  reactions. 

The  process  of  transforming  pyrubic  acid  into  acetic  acid 
and  including  the  latter  in  the  tricarboxylic  cycle  is  very  complex 
and  has  as  yet  not  been  explained  in  several  details.  Pyruvic 
acid  with  the  participation  of  co carboxylase,  coenzyme  A  (CoA)  and 
diphosphojyridinenucle  otide  forms  through  the  agency  of  the  acetyl- 
coenzyme  A  acetic  acid  which  combines  with  oxalacetlc  add  and  thus 
is  included  in  the  tricarboxylic  cycle. 

Inasmuch  as  direct  evidence  has  been  presented  of  the  exis¬ 
tence  in  the  P.  pestis  cells  of  the  tricarboxylic  cycle  and  the 
inclusion  of  this  cycle  of  acetic  add,  the  presence  in  plague 
badlli  of  all  the  most  important  enzyme  and  coenzyme  systems 
supporting  these  reactions  must  be  regarded  as  established. 
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Intermediate  and  end  products  of  the  degradation  of  carbo¬ 
hydrates  occuring  in  the  plague  bacillus  have  been  inadequately  studied, 
but  they  undoubtedly  differ  as  a  function  of  the  conditions  in  which 
the  oxidation  of  the  carbohydrates  occurs,  and  especially  as  a  function 
of -the  molecular  oxygen  content  in  the  surrounding  environment.  In 
this  connection,  evidently,  there  are  no  special  characteristics  in 
the  carbohydrate  catabolism  of  the  plague  bacillus.  Thus,  for  example, 

N.  7,  Uryupina  (U7)  has  shown  that  sodium  fluoride  —  a  typical  inhi¬ 
bitor  of  the  tissue  metabolism  of  carbohydrates  —  exerts  a  suppressing 
effect  both  on  the  growth  of  the  culture  as  well  as  on  the  intensity 
of  the  glucose  use  by  the  plague  bacillus. 

The  nonmultiplying  cells  of  P.  pestis  have  revealed  an  energetio 
internal  metabolism*  This  intensive  endogenic  respiration  exists 
in  response  to  the  high  intraoellular  accumulation  of  intermediate 
substance  of  the  tricarboxylic  cycle.  Using  labelled  cells,  it 
can  be  shown  that  endogenic  respiration  is  not  associated  with  the 
oxidation  of  exogenic  substrates .  Whole  nonmultiplying  cells  oxidize 
any  substance  entering  into  the  cycle  of  tricarboxylic  acids.  The 
fraction  of  adds  utilised  is  oxidized  to  CO2  and  water.  Oxidation 
of  the  acetate  is  Included  in  the  cycle  of  tti carboxylic  adds,  as 
shewn  by  the  determination  of  the  radioactivity  of  intermediate 
intracellular  substances  in  the  oxidation  of  tagged  (C*4)  acetate. 

The  plague  bacillus  contains  isociteratedebydrase  and  aconitase,  . 
which  acting  jointly  convert  the  citrate  into  the  -keto-  gluterate. 

This  reaction  is  reversible. 

Englesberg,  levy,  and  Qobor  (87),  working  with  the  A1122  of 
P.  pestis,  established  that  a  profound  difference  exists  between 
anaerobic  and  aerobic  cells.  Anaerobic  cells  are  capable  of  restiictedly 
oxidising  glucose  with  the  accumulating  of  large  amounts  of  pyruvate 
and  other  end  products,  whioh  either  are  not  oxidized  further  or  are 
oxidized  very  slightly,  (to  the  other  hand,  aerobic  cells  yield 
"complete "  oxidation  of  glucose.  There  are  other  differences  in 
the  metabolism:  anaerobic  cells  do  not  exhibit  the  capacity  to 
adequately  oxidize  pyruvate,  acetate,  and  C^-dioarboxyldc  acids, 
whereas  all  these  substances  are  rapidly  oxidized  by  aerobic  cells. 
Anaerobic  cells  can  be  transformed  into  aerobic  by  aerating  the 
culture  in  a  caseinnydrolysate  glucose  medium  for  many  hours  with  a 
negligible  increase  in  the  number  of  cells.  This  transformation  is 
blocked  by  ultraviolet  rays.  Oxygen,  consequently,  acts  here  as  an 
excitant  fox-  the  formation  of  respiratory  enzymes,  as  has  been 
observed  in  the  Hast. 
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Santer  and  Ajl  (88)  showed  that  the  growth  of  the  plague 
bacillus  in  the  presence  or  obsence  of  oxygen  profoundly  affects 
its  physiology:  anaerobic  cells  do  not  oxidize  acetate,  and  the 
oxidation  of  pyruvate,  succinate,  fumarate,  and  malonate  proceeds 
weakly,  glucose  is  oxidized  incompletely,  with  the  accumulation  of 
pyruvate  and  other  organic  end  products;  moreover,  aerobic  cells 
oxidize  acetate,  pyruvate,  and  four-carbon  components  vigorously 
and  oxidate  glucose  rapidly  and  completely. 

Anaerobic  cell.s  adapted  to  complete  oxidation  of  glucose 
are  at  the  sane  time  adapted  also  to  complete  oxidation  of  pyru¬ 
vate,  acetate,  C^-components .  Citrate  and  aC  -kstoglutarte  are 
oxidized  by  not  a  single  type  of  plague  bacillus  cells.  Based 
on  experiments  with  cell  extracts  it  is  possible  to  partially 
explain  this  pljenomenon.  First  of  all,  it  must  be  assumed  that 
the  cycle  of  the  tricarboxylic  acids  functions  in  anaerobic  cells 
as  a  terminal  mechanism.  In  spite  of  the  fact  that  ’whole  non¬ 
multiplying  anaerobic  cells  are  not  capable  of  oxidizing  oC-toto- 
glutarate  and  nitrate,  these  substances  are  oxidized  by  cellular 
extracts  more  rapidly  than  other  components  of  the  cycle  of  tri¬ 
carboxylic  acids.  This  characteristic  of  cellular  extracts  to 
oxidize  substances  not  oxidizable  by  whole  cells  is  explained  by 
the  difficulty  experience  by  the  tricarboxylic  cycle  substances 
in  penetrating  the  cells.  This  has  been  noted  earlier  by  many 
authors  also  for  other  species  of  bacteria.  The  fact  that  many 
species  of  microbes  can  oxidize  compounds  of  the  tricarboxylic 
acid  cycle  independently  of  aerobic  growth  and  the  substrate  employed 
does  not  yet  show  that  the  enzymes  participating  in  this  process 
are  "constitutive",  but  suggest  only  that  the  cycle  of  tricarboxylic 
acids  is  a  general  terminal  pathway  of  respiration. 

^For  P.  pestis  the  transition  to  anaerobic  existence  consists 
in  the'  loss  of  the  ability  to  oxidize  the  substances  of  the  tri¬ 
carboxylic  acid  cycle,  Enzyme  analysis  has  shown  that  anaerobic 
cells  of  the  plague  bacillus  do  not  contain  at  least  insocitrate- 
dehydraae,  aconitase,  f unerase,  and  cybochrom.  The  weak  activity 
in  regard  to  citrate  supports  particularly  the  position  that  the 
tricarboxylic  acid  cycle  is  not  operative  in  anaerobic  cells. 

Aeration  of  the  culture  in  the  casein-hydrolysate  glucose  medium 
promotes  the  synthesis  of  these  enzymes.  It  is  possible  to  assume 
that  other  enzymes  participating  in  this  metabolic  process  also 
respond  to  aeration  in  a  similar  manner. 
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Cytochrom,  present  in  aerobic  cells ,  exhibits  maximum  absorp¬ 
tion  at  5^0  millimicrons ,  it  is  thermally  labile,  sensitive  toward 
HC1,  and  is  closely  associated  with  the  insoluble  portion  of  cells* 
The  adaptive  response  in  P*  pestis  to  O2  is  similar  to  that  found 
in  Saccharonyces  cerevisiae.  However,  there  is  an  essential  dif¬ 
ference.  Far  P.  pestis  the  initial  extent  of  glucose  oxidation 
to  pyruvate  is  constitutive,  which  demonstrates  the  existence  of 
two  mechanisms  far  glucose  degradation*  For  S*  cerevisiae  adapta¬ 
tion  to  anaerobic  conditions  is  expressed  in  the  complete  loss  of 
the  ability  to  oxidize  glucose*  Both  microorganisms  adaptively 
form  cytochromJn  response  to  tha  presence  of  02*  but  in  S.  cere- 
viaiaa  cyfcochramBS  a,  b,  and  c,  and  eytoclfforooxidase,  present  In 
aerobic  cells,  disappear  when  the  cells  are  grown  under  anaerobic 
conditions  and  two  new  components  appear  —  the  cytochromes  and 
b]_,  whereas  in  the  P.  pestic  only  one  cytochrom  is  found  in  aerobio 
cells,  but  in  cells  growing  anaerobically,  there  is  no  cytochrom  at 
all  and  only  traces  of  intracellular  heaatln* 

The  mechanism  of  carbohydrate  metabolism  in  the  P.  pestis 
cells  should  not  be  regarded  as  wholly  explained*  However,  several 
of  the  most  important  aspects  of  this  problem  have  been  studied 
adequately*  Fermentation  of  l-C^-glucose  of  a  nonmultiplying 
cellular  suspension  of  P*  pestis  proceeds  almost  exclusively  along 
the  glycolysis  pathway.  By  determining  the  carbon  dioxide  form¬ 
ing  in  the  Warburg  apparatus  and  by  analyzing  the  fermentation 
products,  an  almost  complete  absence  of  glucose  transformation 
through  glucoso-^-^ncnophosphate  and  gluconic  acid  was  shown:  only 
0.7%  of  the  total  radioactivity  of  the  glucose  was  detected  in 
C02* 


The  same  glycolytic  pathway  has  been  confirmed  by  a  study 
of  the  glucose  degradation  products,  since  the  radioactivity  was 
found  in  succinate  and  other  products.  In  the  presence  of  the  hexo- 
somonophosphate  pathway  not  a  single  product  containing  the  isotope 
would  be  formed  from  1 -C^-n -glucose .  In  reality  all  the  products, 
with  the  exception  of  formic  acid,  contained  CiU,  and  the  greater 
part  of  the  isotope  is  present  inlham. 

Quantitative  analysis  of  the  products  of  the  breakdown  of 
pyruvic  acid  has  shorn  that  this  process  proceeds  along  two  path¬ 
way  .a pv porti onati 011 ,  in  which  two  moles  of  pyruvic  acid  are 

'envoi,  r  d  into  J.actate,  acetate,  and  C02$  and  through  "phosphoro- 
d  stic  splitting"  in  which  one  mold  of  pyruvic  acid  forms  acetic 


and  formic  acids .  Formation  of  carbon  dioxide  in  glucose  fermen¬ 
tation  proceeds s  apparently,  through  the  disproportionation  of 
pyruvic  acid.  Since  the  P.  pestis  calls  do  not  contain  the  hydro- 
genlyaae  of  formic  acid,  this  in  its  turn  confirms  the  supposition 
of  the  formation  of  the  main  amount  of  CO2  through  the  C3  and 
of  glucose.  Still  another  poorly  explained  fact  nrust  be  noted. 

When  COg  no  longer  is  evolved,  the  glucose  requirement  continues. 

The  lactate  forming  here  begins  to  be  broken  down  with  the  formation 
of  acetic  and  formic  acids. 

The  above -ref erred-to  investigations  characterize  the 
metabolism  of  glucose  by  nonnwltiplying  cells  of  P.  pestis  under 
anaerobic  conditions.  However,  under  aerobic  conditions  dried 
cells  of  P.  pestis  assimilate  gluconic  acid,  and  noncellular  extracts 
are  capable  of  converting  glucosophosphate  into  pentosophosphate . 

Cohen  (89)  discovered  a  haxos ©monophosphate  pathway  in 
gorwing  cultures  of  E.  coli  and  suggested  that  this  pathway  is 
the  most  important  as  a  mode  of  converting  hexosomonophosphate  into 
pentosophosphate,  utilized  for  synthetic  reactions. 

The  studies  of  Santer  and  Ajl  (90)  were  devoted  to  studying 
the  hexosomonophosphate  approach  in  noncellular  extracts  and 
multiplying  cells  of  P.  pestis.  These  authors  set  up  experiments  . 
on  growing  cells  in  the  Warburg  apparatus,  where  the  multiplying 
culture  was  placed  together*  with  the  nutrient  medium  and  radio¬ 
active  glucose  tagged  at  the  Cj_  was  added.  As  a  result  of  these 
studies  enzymes  were  discovered  which  catalyze  the  conversion  of 
hexosomonophosphute  into  pentosomonophosphate.  Using  1-cl^-glucose 
as  a  substrate,  the  authors  showed  that  the  carbon  dioxide  evolved 
by  growing  cells  had  at  least  a  300$  greater  radioactivity  than 
in  the  experiment  with  nonmulti plying  cells «  This  fact  demonstrates 
that  during  the  period  of  growth  of  tho  culture  the  C;i  of  tlie  radio¬ 
active  glucose  is  converted  primarily  into  carbon  dioxide  with  tlie 
formation  of  pentosophosphate.  It  must  here  be  emphasized  that 
these  determinations  refer  to  the  period  of  maximum  multiplication 
of  the  P.  pestis  cells o  Precisely  during  this  period  the  radio¬ 
activity  of  the  evolved  COp  is  the  maximum.  If  the  observations 
of  growing  cells  ware  continued  further,  then  an  increase  in  the 
oxygen  requirement  would  not  be  recorded,  and  along  with  this  the 
specific  radioactivity  of  tho  evolved  carbon  dioxide  would  fall  off. 
The  latter  change  in  the  metabolism  of  glucose  is  an  indicator  of  a 
shift  occurring  in  connection  with  the  transition  of  cells  from  a 
state  of  multipli cation  to  a  resting  state. 
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ADAPTIVE  ENZSMES 


The  basis  for  the  extensive  adaptability  of  microorganisms 
for  changes  in  conditions  of  nutrition  is  the  formation  of  new 
enzymes  in  the  cells#  Such  enzymes  have  been-  called  adaptive. 

The  plague  bacillus  can  serve  as  an  especially  graphic  exanple  of 
the  formation  of  the  various  adaptive  enzymes.  Several  conditions 
of  the  ifcrmation  of  glycerine -positive  strains  of  P.  pestis  have  been 
examined  above.  The  appearance  of  adaptive  enzymes  in  the  process 
of  forming  strains  which  oxidize  ramose  can  also  be  noted,  as  well 
as  the  multitude  of  other  similar  examples  of  the  sane  adaptation 
of  the  plague  bacillus.  But,  turning  primarily  to  the  adaptive 
enzyme  of  the  plague  bacillus  we  deem  it  pertinent  to  note  the  most 
intensive  studies  of  recent  times  illuminating  this  important 
biological  problem,  studied  for  many  species  of  microorganisms. 

Several  researchers  believe  that  the  appearance  of  adaptive 
enzymes  in  microbes  consist  simply  of  an  increase  in  the  number  of 
enzymes  already  existing  in  cells.  Thus,  Lederberg  (91)  has  es¬ 
tablished  that  lactase,  easily  detectable  in  the  Escherichia  coli 
cells  adapted  toward  lactose  is  not  found  by  the  visual  methods  in 
cells  that  tave  not  been  previously  adapted  to  lactose.  Howmrer, 
using  ortho-nitrophenol-  -d-  galactoside  as  a  substrate,  this 
author  found  lactase  also  in  the  cells  of  E.  coli  which  had  not 
been  adapted  to  lactose.  The  truth  is  that  for  this  purpose  the 
hydrolysis  products  must  be  determined  by  an  especially  sensitive 
colorimetric  method,  since  hydrolysis  occurs  to  a  very  small  extent. 
The  authoi's  conclusion,  based  on  these  investigations,  reduces 
to  thl'i  ■  yd.  in  adaptation  no  new  enzymes  are  formed.  This  scarcely 
e -ov to  reality,  or  for  such  a  theory  excludes  the  possibility 
■ ti«-  vur'v  iv.l.lty  of  this  bacilli  which  has  been  observed  so 
,  ...  most  .  i-voxso  species. 
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Rickeriberg,  Yanofsky,  and  Bonner  (?2)  investigated  the  mec¬ 
hanism  of  th8  loss  (disadaptation)  of  the  same  enzyme  ft  -d-galaetoside 
(lactase)  for  two  strains  of  E  coll  adapted  over  a  long  period  to 
lactose.  In  this  connection,  the  strain  W  li*85  did  not  require 
any-  growth  factors  in  a  medium  containing  lactose,  but  tie  strain 
If  2^3  required  biotin  and  methionine.  The  author  studied  the  loss 
of  the  lactose  activity  ’when  these  strains  were  cultivated  in  a 
medium  containing  glucose  and  xylose.  It  was  established  that  for 
the  If  lb$5  strain  not  only  did  the  loss-  of  galactosidase  not  occur 
under  these  conditions,  but  not  even  its  decrease  either  in  whole 
cells  or  in  noncellular  extracts  has  been  noted.  For  the  W  253 
strain  the  synthesis  of  the  same  enzyme  is  wholly  dependent  on  the 
presence  in  the  medium  of  1-methionine.  Cultivating  the  W  253  strain 
in  the  absence  of  methionine  even  in  a  medium  containing  galactose 
did  not  assure  the  synthesis  of  /$  -galactosidase  *  Analogous  results 
were  obtained  also  with  other  strains  of  E.  coli  which  required 
histidine,  threonine,  or  leucine,  that  is,  these  strains  also  proved 
to  be  incapable  of  forming  lactose  in  the  absence  of  the  amino  acid 
necessary  for  their  growth. 

Based  on  the  fact  that  the  bacteriophage  of  Esherichia  coli 
multiplies  and  exerts  a  lytic  action  only  in  those  cells  in  which 
intensive  metabolism  and  formation  of  energy  do  to  an  added  sub¬ 
strate  occurs,  Benzer  (93)  showed  that  the  adaptive  elaboration  of 
-galactosidase  occurs  with  approximately  the  same  velocity  in 
almost  all  cells  of  the  culture.  Thus,  a  S -shaped  curve  characteriz¬ 
ing  the  process  of  individual  formation  of  the  enzyme  does  not  at 
all  reflect  the  selection  of  the  corresponding  cells.  It  was  shown 
that  the  S-shaped  form  of  the  curve  depends  upon  the  effect  of  several 
factors  limiting  the  synthesis  of  the  adaptive  enzymes  (9I4).  These 
factors  include,  as  has  been  shown  above,  the  sources  of  nitrogen 
nutrition3 the  concentration  of  the  substance  provoking  the  synthesis 
of  the  enzyme,  the  duration  of  the  assimilation  phase,  tlie  amount 
of  oxygen,  and  the  temperature «  Upon  removal  of  the  factors  restrict¬ 
ing  the  adaptation,  the  process  of  induced  formation  of  galactosidase 
no  longer  is  F«shaped  but  linear. 

Monod  and  Wellman  (?U)  indicated  the  complete  suppression  of 
the  synthesis  of  the  adaptive  lactose  by  a  phage  for  those  strains 
of  E.  cold  which  are  susceptible  to  the  action  of  a  bacteriophage. 
However,  Siminovitch  and  Jacob  (96)  showed  that  for  the  lysogenic 
strain  of  E,  coli  K  12  the  adaptive  formation  of  /$  -galactosidase 
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occurs  with  the  usual  velocity  coinciding  with  the  multiplication 
of  the  bacteriophage*  In  precisely  the  sane  way  Jacobs  (97) 
showed  that  for  lysogenic  strains  of  Pseudomonas  aeruginosa  synthesis 
of  the  adaptive  enzymes  occurs  simultaneously  with  the  multiplica¬ 
tion  of  the  bacteriophage. 

A  survey  of  studies  completed  in  recent  years  dealing  with 
the  mechanism  of  the  formation  of  adaptive  enzymes  (98)  has  shown 
that  the  study  of  this  problem  has  proceeded  in  various  directions,, 

Cohn  and  Torriani  (99,  100)  also  investigated  the  induced 
formation  -galactosidase  in  E.coli  cells.  These  authors  showed 
that  simultaneously  with  tbs  appearance  of  the  adaptive  enzyr®  in 
the  tissues  a  synthesis  of  a  new  protein  occurs  which  was  detected 
by  immunological  methods*  The  new  protein  was  identified  by  enzyme 
as  lactose.  Extracts  from  cells  not  synthesizing  and  adaptive  enzymes 
also  did  not  contain  this  protein,  but  they  contained  another  which 
energetically  reacted  in  a  crosswise  fashion  with  antilactase  serum. 
It  was  further  shown  that  in  the  growing  culture  the  synthesis  of 
lactase  is  accompanied  by  the  simultaneous  decrease  of  this  second 
protein.  During  nitrogen  starvation  of  E.  coll  cells  in  them  the 
synthesis  of  lactase  was  sever  induced,  since  the  amount  of  the 
second  protein  even  daring  the  course  of  a  twenty-four  hour  nitrogen 
starvation  remained  constant* 

Consequently,  synthetic  reactions  using  nitrogen  substances 
are  necessary  in  order  to  convert  the  second  protein  into  lactase 
and  this  second  protein,  whose  synthesis  is  not  induced,  must  be 
regarded  as  precursor  of  lactase.  In  addition,  it  was  established 
that  those  species  of  Enter obacteriaoeae,  which  contained  the  sec¬ 
ond  protein  are  capable  of  forming  lactase  also.  The  species  not 
exhibiting  the  second  protein  do  not  have  the  capacity  to  synthesize 
this  enzyme. 

It  was  established  (101)  that  the  formation  of.  lactase  by 
the  E.  coll  cells  can  occur  only  under  conditions  occurring  in  the 
synthesis  of  new  proteins.  The  strains  incapable  of  synthesizing 
several  amino  acids,  in  their  absence,  cannot  farm  /^-galactosidase, 
biit  addition  of  these  indispensible  amino  acids  creates  the  condi¬ 
tions  for  synthesis  of  the  adaptive  enzymes.  Consequently,  for 
the  synthesis  of  lactase,  in  addition  to  the  second  protein,  speci¬ 
fic  amino  acids  are  necessary. 
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It  was  shown  that  the  adaptive  formation  of  -galactosidase 
can  be  induced  by  substances  containing  whole  galactoside  radicals. 
However,  such  substances  as  methyl -d-galactoside  or  alkyl-  and  aryl™ 
d-galactoside  although  not  hydrolysed  by  /?  -galactosidase  are  capable 
of  inducing  the  formation  of  the  enzyme.  The  capacity  to  induce, 
generally  speaking,  has  been  shown  to  be  independent  of  the  kinship 
to  the  enzyme.  Such  substances  as  pheryl-  $  -thioglacfcosite having 
a  strong  affinity  (relationship)  to  the  enzyme,  nonetheless  does  not 
induce  its  formation. 

The  facts  obtained  as  a  result  of  the  study  of  the  mechanism 
of  the  adaptive  formation  of  /  -galactosidase  by  the  E,  coli  cells 
compels  us  to  assume  that  all  substances  inducing  the  synthesis  of 
this  enzyme  participate  in  the  processes  of  the  general  metabolism 
in  this  cell.  It  can  be  assumed  that  the  inducing  substances  form 
intermediate  products  combining  with  several  cellular  components 
which  of  themselves  do  not  constitute  the  enzyme. 

The  investigations  of  Halvorson  and  Spiegelman,  (102)  showed 
that  analogues  of  amino  acids  obstructing  the  assimilation  and  in¬ 
clusion  in  the  protein  of  individual  amino  acids  of  their  mixtures 
suppress  the  induced  synthesis  of  maltase  by  yeast  cells.  Thus, 
para-flviorphenylalanine  almost  completely  suspends  the  growth  of 
SaccharomycGs  cerevisiae,  but  the  adaptive  formation  of  maltase 
under  these  conditions  is  decreased  to  approximately  one-fourth 
in  comparison  with  the  normal.  This  suppression  is  specifically  and 
entirely  relieved  upon  the  addition  of  the  required  quantity  of 
homologous  arrd.no  acid.  The  results  of  these  experiments  have  led 
to  the  conclusion  that  in  the  formation  of  adaptive  enzymes  in  non¬ 
multiplying  cells  free  intracellular  amino  acids  participate. 

An  analogous  conclusion  derives  also  from  the  observations 
of  Pimsky  rand  States  (103)  who  found  that  for  the  adaptive  forma¬ 
tion  of  hydrogen? yase  in  nonmultiplying  E  coli  cells  the  presence 
of  arginine,  aspartic  and  glutamic  acids  are  necessary  in  the  medium, 

A  strict  relationship  between  the  ability  'bo  synthesize  and 
the  enzyme  and  tire  suitability  of  the  existing  free  ami.no  acids  with 
in  the  cell  for  protein  synthesis  was  discovered,  conseouently, 
three  intracellular  anri.no  acids  are  a  determining  source  of 
nitrogen  for  the  formation  of  the  new  enzyme  molecules,  Halvorson 
and  Spiegelman  believed  (loU)  that  there  is  no  data  supporting  the 
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theory  of  the  conversion  of  a  previously  existing  protein  complex, 
which  independently  of  amino  acids  would  be  transformed  into  an 
active  enzyme*  The  same  authors  (105),  using  -methyl -^lucoside , 
the  unassimilated  analogs*  of  maltose,  for  the  induction  of  maltase 
formation  in  the  oells  of  Saccharonyces  cerevisiae,  found  in  these 
cells  a  quantity  of  free  amino  acids  expended  in  synthesizing  the 
given  adaptive  ferment*  Table  4  presents  the  results  of  this  in¬ 
vestigation* 

TABLE  4 


Millimicrons  per  100  mg  of  dry  cells 


Free 

Control  cells 

Induced  oells 

Percentage 

Intracellular 

of  consumed 

awLnoa&ds 

A 

B 

andnoacids 

Leucine 

1.42 

1.42 

0.90 

0.94 

35 

Valine 

3.06 

2.92 

1.55 

1.46 

48 

Phenylalanine 

0.69 

0.69 

o.4i 

o.4i 

41 

Tryptophan 

0.088 

0.036 

0.041 

0.048 

47 

Glutamic  acid 

19.7 

21.40 

11.5 

10.3 

47 

Aspartic  acid 

2.72 

2.32 

1.23 

1.27 

50 

lysine 

7.40 

6.75 

4.90 

3.45 

42 

Isoleucine 

1.17 

1.08 

0.48 

0.48 

56 

Proline 

1.00 

1.09 

0.67 

0.65 

42 

Tyrosine 

0.47 

0.49 

0.24 

0.19 

54 

Methionine 

0.26 

0.26 

0.18 

0.16 

35 

Threonine 

1.87 

1.86 

1.47 

1.50 

21 

Arginine 

2.68 

2.30 

1.60 

1.59 

35 

1 

Numbers  in  columns  A  and,  also  B 

and,  pertain  to 

parallel  experiments 

JJV>nia  a  increase  in  the  assimilation  of  intra- 
t£1Sr+^ra<3  ainin0  *3?  1,88  shown  33  a  result  of  the  synthesis  of 
^Siodfpti  0nff1B  maltas?  ^  suspensions  of  nonmultiplying  yeast 
cells  in  a  nonni.trogen  medium.  The  amount  of  amino  acids  expended 
in  synthesizing  maltase  iws  dissimilar:  from  the  exlstingServe 

2Lthr0on^”?  only  consumed,  whereas  isoleucine  came  to  a 
5o%  expenditure. 


Th®  rn05ha^;s;n  also  of  the  reduced  synthesis  of  pencillinase 
differs  clearly  from  the  above  described  maltase  synthesis. 
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The  adaptive  formation  of  penicillinase  proceeds  at  a 
constant  velocity  in  the  presence  of  traces  of  penicillin.  Such  a 
quantity  of  the  latter,  of  course,  is  destroyed  rapidly,  on  the  basis 
of  which  Pollock  (106)  drew  the  conclusion  that  penicillin  reacts 
with  any  component  of  the  cell  owing  to  which  a  complex  in  created, 
still  not  vulnerable  to  penicillinase  bub  capable  of  catalysing  the 
further  formation  of  this  enzyme.  The  author  considered  that  if 
each  mole  exile  of  fixed  penicillin  induces  the  formation  of  a  com¬ 
plex  through  combination  with  one  molecule  of  the  enzyme  precursor, 
then  the  penicillinase  forming  must  have  an  activity  fifty  times 
greater  than  catalase  in  order  to  assure  the  degradation  of  the 
amount  of  penicillin  which  exists  in  reality.  Taking  such  an 
activity  of  penicillinase  as  being  of  low  probability,  the  author 
suggested  that  the  penicillin  complex  only  catalyzes  the  synthesis 
of  the  enzyme,  bub  in  itself  is  not  an  enzyme.  Based  on  the  results 
of  his  investigations  Pollock  proposed  the  following  s chains  for  tha 
formation  of  the  adaptive  ferment. 

Penicillin  (inducer)  /  receptor 

4' 

organizer 

4* 

aminoacids  ->  type  I  precursor  — ^  type  II  precursor  — > 
anzymer  (penicillinase) 


Cohn  and  Monod  (107)  suggested  a  scheme  for  the  synthesis 
of  the  adaptive  ferment  which  was  analogous  in  essence.  Shayer  (108) 
discovered  in  several  ndcrobacteria  the  formation  of  adaptive  enzymes 
for  oxidizing  benzoic  acids.  Berhaim  (109)  studied  similar  ferments 
in  the  Ifycobactorium  tuberculosis  (the  BCG  8U20  strain). 

He  showed  that  tha  ortho-isomers  of  amino-,  nitro-,  fluoro-, 
chloro-,  and  bormo benzoic  acid  stimulate  the  formation  of  the  adap¬ 
tive  enzymes  oxidizing  benzoic  acid  and  pyrocatechin*  However,  the 
ortho-axybenzoic  acid  is  not  active  in  this  regard,  but  cyclohexa- 
ne carboxylic  acid  also  stimulates  a  synthesis  of  adaptive  enzymes. 

But  the  stimulators  themselves  are  not  oxidized.  A  stimulating 
effect  was  discovered  also  in  para-fluorbsnzoic  acid,  but  the  para- 
and  meta-isomers  of  anti.no-,  chloro-,  and  bromobenzoic  acid  not  only 
do  not  stimulate,  bub  suppressed  the  synthesis  of  adaptive  enzymes. 

The  great  interest  shown  the  adapted  enzymes  is  explained 
not  only  by  the  fact  that  they  are  the  basis  for  the  changeability 

of  the  microbe,  and  their  adaptability  to  chaugiiig  conditions  ox 
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existence;  the  problem  of  adaptation  is  also  associated  with  the 
acquisition  by  the  bacilli  of  resistance  to  antibiotic  and  to 
chemotherapeutic  agents a  Therefore,,  the  problem  of  adaptive  enzymes 
will  again  return  to  focus  on  studying  the  treatment  of  the  plague. 

Study  of  the  adaptive  enzyme  system  of  tha  An  99  strain  of 
P„  pestis  cultivated  under  anaerobic  conditions,  during  the  transi¬ 
tion  of  the  cells  to  conditions  of  aerobiosis  has  shown  that  in  this 
transition  the  adaptive  synthesis  of  dehydrase  by  isocitric  acid, 
acomitase,  f unerase,  and  cytoohrora  is  carried  out. 

Englesbarg  and  Levi  (110),  using  the  same  P.  pestis  strain, 
also  studied  other  adaptive  enzymes  of  the  tricarboxylic  cycle, 
oxidizing  acetate  and  the  system  providing  the  complete  oxidation 
of  glucose  both  by  whole  cells  as  well  as  by  noncellular  extract. 

Tho  latter  were  produced  both  from  aerobically  growing  cells  (aero¬ 
bic  extract)  as  well  as  from  anaerobically  cultivated  (anaerobic 
extract) .  In  addition,  the  extract  obtained  from  anaerobically 
growing  cells  following  their  adaptation  to  aerobiosis  (aerobically 
adapted  extracts)  were  tested. 

Suspensions  of  nonmultiplying  cells  of  P.  pestis,  grown  under 
aerobiosis  in  a  mineral -glucose  medium  containing  a  casein  hydroly¬ 
sate  oxidize  at  quite  a  high  velocity  pyruvic,  acetic,  and  Ch- 
di carboxylic  acids.  Glucose  in  this  instance  is  oxLdized  also 
rapidly  and  completely.  In  opposition  to  this,  anaerobically  grown 
cells  of  P,  pestis  do  not  oxidize  acetate,  but  glucose  is  oxidized 
slowly  and  incompletely  with  the  formation  of  pyruvic  acid  and  other 
end  products  of  fermentation.  Such  an  Incomplete  oxidation  of  glucose 
and  the  inability  to  oxidate  acetate  is  accompanied  by  a  large  de¬ 
crease  in  the  oxidation  rate  of  pyruvic  and  Ch-dicarboxylic  acids. 
Aeration  of  acids  anaerobically  grown  in  a  glucose-mineral  medium 
containing  casein  lydrolysate  causes  a  transformation  of  the  character 
of  the  metabolism  of  these  cells  from  an  anaerobic  to  an  aerobic 
type.  As  show;  in  the  studies  of  Englesberg  and  his  colleagues 
referred  to  above ,  tl»  transition  from  anaerobiosis  to  aerobiosis 
is  accompanied  by  the  adaptive  formation  of  several  enzymes:  the 
dehydrase  j.s  isocitric  acid,  aconitc.se ,  fuuarase,  cytochrom, 
pLosphot:  ansacetylase ,  condensing  enzyme,  malonatedehydrase ,  and 
enzymes  participating  in  the  oxidative  decarboxylation  of  pyruvic 
•-kotoglufcar i.e  acids. 


enayaw:.  ■ 
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!'e:;t  method  of  synthesizing  the  designated  adaptive 
J.ustratod  in  Table  5,  in  which  the  enzyme  properties 
from  cells  grown  under  aerobic  and  anaerobic  conditions 
-.n  addition,  for  comparison  extract  has  been  taken 
b'SCj-UV.i.  cultivated  anaerobically,  bub  subsequently  aerated 
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(aerobic-adaptive  extract).  The  fermenting  activity  of  extract  is 
presented  in  Table  $  in  micromoles  of  the  converted  substrates  or 
in  micromoles  of  synthesized  products  per  one  hour  per  one  mg  of 
nitrogen  contained  in  the  extract. 

The  fact  that  the  appearance  of  enzymes  in  P.  pestis  is  not 
a  result  of  the  liberation  of  the  aerobic  culture  from  hypothetical 
inhibitors  forming  previously  in  the  anaerobically  cultivated  cells 
points  to  the  inability  of  extracts  from  anaerobically  grown  cells 
to  suppress  the  isocitratedehydrase » 

This  is  evidenced  by  the  inability  of  anaerobic  extract  to 
retard  enzyme  systems  of  aerobic  extracts,  catalyzing  the  oxidation 
of  nitrate  into  acetate. 

The  result  presented  in  Table  $  shows  the  genuinely  adaptive 
character  of  the  transition  from  anaerobiosis  to  aerobiosis,  3ince 
in  this  transition  we  are  not  limited  only  ty  the  sharp  increase  in 
the  activity  of  the  enzymes  indicated  in  Table  ?  from  Ho  1  to  No  9 
inclusive.  At  the  same  time  a  two-fold  decrease  in  the  activity 
of  the  most  important  enzymes  of  glycolysis  occurs:  phosphate- 
fructose  -kinase,  the  dehydrase  of  glycerinaldehydephosphate,  whereas 
acetoldnasa  and  decarboxylase  of  an  oxalacetlc  culture  remains 
without  essential  changes.  The  biosynthesis  of  adaptive  enzymes 
in  P„  pestis  is  in  accord  with  the  metabolic  changes.  Thus,  in  anaero¬ 
biosis  the  capacity  to  oxidize  acetate  io  absent,  glucose  1b  oxidized 
incompletely,  and  pyruvate  and  C^-dlcarboxylic  acids  are  oxidized 
slowly  and  weakly.  The  transition  to  aerobiosis  is  marked  by  a 
rapid  oxidation  of  acetate,  pyruvate,  C^-di carb oxyli c  acids,  and 
also  by  the  rapid  and  complete  oxidation  of  glucose.  In  all  of  the 
latter  processes  the  designated  (Ho*s  1-9)  adaptively  synthesizing 
enzymes  participate,  as  well  as  the. enzymes  of  the  tricarboxylic 
cycle ,  assuring  the  complete  oxidation  of  glucose  and  the  assimila¬ 
tion  of  acetate o  Although  in  this  connection  a  sharp  adaptive 
increase  of  sucd.natedfchydrase  is  not  observed,  it  is  difficult 
to  question  that  it  occurs,  since  the  sucdnatedehydrase  activity 
of  P*  pestis  extracts  is  excepti.onal.ly  high. 

The  last  fact  represents  additional  evidence  of  the  action 
of  the  tricarboxylic  cycle  in  the  aerobiosis  of  P.  pestis.  But; 
there  are  also  other  indications  of  the  presence  of  this  cycle  in 
the  plague  bacillus  the  necessity  of  the  presence  of  precisely 


those  identified  products  which  participate  in  the  tricarboxylic  cycle. 
Moreover,  the  synthesis  of  citrate  from  acetate  and  oxaloacetate , 
and  also  from  pyruvate  and  oxalacetate,  and  the  rate  of  these  processes 
evidence  the  existence  of  the  tricarboxylic  cycle  in  the  P.  pestis. 

The  high  phosphotransacetylase  activity  of  aerobically  grown 
cells  assimilating  glucose  as  carbohydrate  source  indicates  that 
the  free  acetate,  most  probably,  is  a  normal  product  of  the  oxida¬ 
tion  of  glucose.  This  is  confirmed  further  by  the  relatively  high 
actoldnase  content  in  P.  pestis. 

Extracts  from  P.  pestis,  strain  A-1122,  obtained  both  from 
aerobically,  as  well  as  from  anaerobically  grown  cells,  contained 
a  very  large  amount  of  the  dehydrase  of  glycerlnealdehydphosphate 
and  fluictoso-phosphate -kinase .  This  evidence  the  essential  signi¬ 
ficance  of  the  Eiribden-Meyerhoff  series  of  reactions  in  the  metabolism 
of  glucose  in  aerobiosis  and  anaerobiosis.  There  is  no  grounds  to 
consider  this  pathway  as  the  only  means  of  converting  glucose  in 
anaerobically  growing  cells.  It  has  been  stated  above  that  anaero¬ 
bically  grown  colls  of  P.  pestis,  taken  in  the  form  of  a  nonmultiply- 
ing  suspension  BX{g$ded  with  glucose  in  the  presence  of  oxygen, 
oxidize  this  sugar  incompletely,  with  profuse  release  of  CO2  and 
the  simultaneous  formation  of  pyruvic  acid.  The  amount  of  carbon 
dioxide  forming  from  glucose  falls  off  with  time  down  to  a  low  level, 
characteristic  for  the  splitting  of  the  pyruvate  by  P.  pestis  cells. 

The  above  described  adaptive  synthesis  of  several  of  the 
most  important  enzymes  is  an  example  of  a  well-pronounced  control 
ever  this  synthesis  on  the  part  of  external  condition^.  Similar 
situations  on  the  mechanism  of  controlling  induced  synthesis  of 
enzymes  have  been  expressed  by  Stanier  (ill). 

However,  the  decisive  factor  in  the  change  of  enzyme  systems 
in  the  tricarboxylic  cycle  and  other  enzymes  of  the  plague  bacillus 
is  the  presence  or  absence  of  oxygen,  nonetheless  the  mechanism  of 
■these  changes  is  not  clear.  Oxygen,  of  course,  can  fulfill  the 
function  •>:"  e.  substrate,  inducing  the  formation  of  cytochrome, 
parti. -Jp,  1  Lug  in  the  final  oxidation.  This  same  cytochrome  in 
its  tu  a  an  i,o  .uibsirato,  inducing  the  synthesis  of  enzymes  of 
the  civ* •  im  '•  >roT.uV?.s  for  the  transferral  of  electrons.  Bub 

her.:  o. ii  .1  iii.iJJ  not  explain  the  effect  of  oxygen  on  the  synthesis 

of  <  a.  /ns  .  :  ii(x,'photriiT!-Maf..-.ty3.ase,  condensing  enzyme, 

fumawso,  ..  :ioej.trui.:<i'  hydro 3e,  and  other  enzymes  of  the  tricar¬ 
boxylic.  ■  /•:ln  !  n. •:  ids. 
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Inasmuch  as  anaerobic  cells  accumulate  acetate  as  a  product 
of  glucose  fermentation,  here  an  adequate  amount  of  acetylphosphate 
is  necessary  to  induce  the  synthesis  of  phosphotransacatylase,  how¬ 
ever  the  level  of  acatylphosphate  remains  as  low  as  in  aerobic  cells. 

In  the  same  way  the  content  of  fumarase  can  be  evaluated. 

Aerobic  and  anaerobic  cells  fom  succinic  add,  these  cells  possess 
approximately  the  identical  amount  of  dehydrase  of  this  acid,  but 
the  amount  of  fumarase  in  aerobic  extracts  is  5-10  dmes  higher  than 

anaerobic. 

The  results  of  research  presented  do  not  permit  us  to 
indicate  any  spedal  products  of  metabolism  present  even  in  low, 
but  adequate  amounts  to  induce  the  synthesis  of  enzymes.  It  remains 
to  be  assumed  that  the  presence  of  oxygen  is  an  adequate  factor  in 
order  to  form  these  substances,  exciting  the  synthesis  of  adaptive 
enzymes  in  the  P«  pestis  cells.  In  its  turn  the  absence  of  oxygen, 
apparently,  excludes  the  possibility  of  an  adequate  accumulation 
of  substances  inducing  the  synthesis  of  adaptive  enzymes  in  the  aerobic 
tricarboxylic  cycle. 


TABLE  5 

Comparative  Enzymatic  Activity  of  Aarobic,  Anaerobic,  and  Aero¬ 
bically  Adapted  Noncellular  Extracts  of  the  A  U22  Strain  of 

P.  pestis 

Aerobically 


No. 

Enaymatlc  Activity 

Aerob. 

Exbr. 

A 

Anaerob.  Adapted 

Extracts  A  Extracts 

B  B"  C 

/ 

c 

B 

1 

Oxidative  decarboxyla¬ 
tion  of  pyruvate 

21.9 

3.7 

6.9  25 .U 

6,9 

2 

Hwaphotroi-jsacetylas 

23.5 

6.1 

3.9  il2.lt 

7,0 

3 

Condensing  enzyme 

82.3 

7.9 

10.U  90.3 

11.4 

k 

I«  ocitrat o -dehydrase 

73.6 

1.2 

3.5 

61.2 

66.U 

3.8,9 

£ 

Oxidative  de  earb  acyla¬ 
tion  of  oC.-lwtoglu- 
tarate 

3.0 

Jt.O 

0.3 

1.2 

10 

U.l  U.5 

3,8 

75  - 

<5 


6 

Fmuarase 

50.3 

11.1 

1*.5 

4.3 

1*6.9 

10.9 

7 

Malonate  -dekjrdrase 

13.4 

4.9 

2.7  12.2 

2.5 

ll*.3 

3.9 

3.7  16.1 

4.1 

8 

CytochroiiB  (560  my*c) 

m 

— 

m  m 

m 

9 

Aconitase 

2.4 

0.3 

8 

0.1 

1.2 

1.2 

10 

Succinate  -dehydrase 

1030 

555 

1.9 

151*0 

11*60 

0.9 

11 

AcetokLnase 

23.1+ 

16.3 

1.4 

25.2 

30.3 

0.8  32.5 

0.9 

17.5 

20.0 

0.9  19.8 

1.0 

12 

Oxalacetate  -de  carboxy¬ 

6.9 

4.5 

1.5  4.6 

1.0 

lase 

13 

Qly  cerlnaldehyde  -phcs  - 

1*8.1 

113.6 

0.4  61.4 

o.5 

phate -delydrase 

Hi 

Pructoso-^hosphate- 

22.9 

1*5.6 

0.5  28.1 

0.6 

kinase 
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AMDfGACID  REQUIREMENTS  AND  THEIR  SIGNIFICANCE 
IN  TIE  METABOLIC  PROCESSES  CF  THE  HAGUE  BACILLUS 

Pages  76-88 


Cultivating  the  plague  bacillus  in  complex  and  chemically 
unknown  compositions  of  nutrient  media  (meat-peptone  broths),  usually 
employed  in  bacteriology,  has  satisfied  and  even  now  in  most  in¬ 
stances  satisfies  bacteriologists.  Such  media  affort  good  growth 
under  relatively  small  inoculation  doees,  bub  the  main  cultural  and 
biochemical  properties  in  freshly  isolated  strains  vary  only  after 
prolonged  storage  and  many  subculturinge . 

However,  in  studying  several  problems  of  the  rostabolism,  and 
in  particular,  to  discover  the  nutrition  requirements,  the  cultivation 
of  the  bacilli  on  nonprotein  media  of  a  precisely  known  composition 
assuring  good  growth  and  preservation  of  biological  properties  is  of 
a  specially  high  significance.  Such  a  variety  of  "synthetic"  media, 
of  course,  must  not  contain  substances  nonuseful  and  unnecessary  in 
cultivating.  The  carbohydrate  and  mineral  substance  requirements 
are  more  or  less  the  same  for  a  considerable  number  of  pathogenic 
bacteria  leading  a  parasitic  form  of  life.  Consequently,  the  study 
of  the  nutritive  requirements  of  these  bacteria  reduces  mainly  to 
discovering  what  aminoacids  and  vitamins  they  require. 

Recently,  several  studies  have  been  published  devoted  to  study¬ 
ing  the  requirements  of  P.  pestis  for  various  nutrients.  Unfortunately, 
in  most  of  these  studies  the  requirement  of  the  microbe  for  a  given, 
constituent  of  the  medium  was  not  adequately  considered  and  the  broad 
adaptability  of  strains  of  this  bacillus  to  unfavorable  conditions 
of  nutrition  was  not  always  realized. 

All  aminoacids  and  growth  factors  of  microbes  can  be  included 
among  the  following  groups:  1)  indispensable,  in  the  absence  of 
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•which  growth  of  the  species  in  question,  is  completely  impossible j 
2)  supplementary,  whose  presence  stimulates  growth,  but  whose 
absence  does  not  suspend  growth}  3)  unnecessary  vitamins  and 
aminoacids  whose  absence  does  not  affect  the  growth  of  the  culture. 

In  a  study  Rao  (J4I4.)  tested  the  growth  of  P.  pestis  on  a 
mixture  of  aminoacids  obtained  after  hydrolysis  of  gelatine  at  a 
concentration  corresponding  to  O.i#  of  the  original  protein,  and 
upon  addition  of  a  selection  of  mineral  salts.  It  was  discovered 
that  such  a  mixture  of  amino  acids  does  not  assure  the  growth  of  tte 
plague  badllUB  8  Upon  the  addition  of  cystine  to  the  hydrolysate 
satisfactory  growth  was  obtained.  The  resultant  medium  was  so  fully 
valuable  that  adding  to  it  yeast  extract  or  meat  broth  or  rabbit 
blood  or  horse  mine  did  not  stimulate  growth.  Of  the  six  virulent 
and  four  avirulen*  of  P.  pestis  tested,  only  one  virulent  strain 
grew  satisfactorily  in  the  gelatine  hydrolysate  without  cystins. 

For  the  remaining  nine  strains  one  gelatine  hydrolysate  resulted 
in  barely  perceptible  growth,  which  was  sharply  intensified  upon 
the  addition  of  cystine.  In  as  mush  as  the  above  named  biological 
liquids  do  not  exert  an  effect  on  growth  in  the  presence  of  the 
hydrolysate  containing  cystine,  this  offers  to  the  conclusion  that 
P.  pestis  does  not  require  a ay  of  such  growth  factors,  and  that  the 
array  of  amino  acids  in  the  gelatine  hydrolysate  upon  the  addition 
of  cystins  satisfies  the  basic  requirmuxt. 


It  must  be  admitted  that  the  available  quantity  of  cystine 
in  gelatine  (0.2^)  is  clearly  inadequate  for  successful  growth. 
However,  on  the'  basis  of  these  data  it  cannot  be  learned  which 
amino  acids  are  necessary,  which  are  supplementary,  and  which  are 
unnecessary.  The  author* s  conclusion  on  the  ncnuaafulness  of  any 
vitamins  for  the  growth  of  P.  pestis  is  interesting.  However,  it 
must  be  kept  in  view  that  the  hydrolysate  may  have  contained  several 
vitamins  of  the  original  protein. 


Moreover,  Rao  (U3)  demonstrated  the  possibility  of  cultivat¬ 
ing  the  plague  bacillus  in  a  medium  simpler  than  gelatine  hydrolysate. 
This  medium,  in  addition  to  glucose  and  mineral  salts,  contained 
di-amino  acids:  alanine,  leucine,  proline,  phenylanaudna ,  cystine, 
1-argirdno,  and.  l-lysine.  The  two  last  amino  acids,  as  shown 
experimentally,  can  bo  removed  from  the  medium  without  affecting  growth. 
In  this  way,  it  was  established  that  a  medium  consisting  only  of  five 
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amino  adds  along  with  glucose  and  mineral  salts  supports  satisfactory 
growth  both  of  the  virulent  and  the  a  virulent  strains  of  P.  pest  is. 

In  addition,  it  was  shown  that  removing  one  of  the  three  amino 
acids  —  proline,  pherylalanine ,  or  cystine  —  from  this  medium  ex¬ 
cludes  this  possibility  of  growth. 

The  author  drew  the  conclusion  that  the  last  three  amino 
acids  are  indispensable*  Of  course,  glycine  in  accordance  with  those 
studies,  must  be  regarded  as  a  supplementary  amino  acid,  since  its 
addition  to  the  medium  markedly  intensifies  growth* 

A  nutrient  medium  tested  by  Berkman  (112)  in  cultivating  many 
species  of  Paste ure  11a,  contained  as  complete  a  gelatins  hydrolysate 
as  did  the  medium  of  Rao.  In  addition,  Berkman  added  glucose, 
mineral  salts,  and  1-araino  acids:  tyrosine,  tryptophan,  histidine 
and  threonine,  dl -valine  and  dl -serine.  Tryptophan,  tyrosine,  valine, 
and  methionine,  as  it  is  known,  are  absent  in  gelatins*  The  remain¬ 
ing  supplementary  amino  adds  are  found  in  gelatine  in  very  snail 
amounts. 

H*  Doudoroff  (113)  tried  to  cultivate  P.  pestis  on  a  medium 
of  the  following  composition:  glucose  —  0.2#,  NHnCl  —  0.1#, 

HgSCfy  •  7H2O  -  0.0?#,  FeOlj  -  0,008#,  CaCl2  -  0.002#,  and  a  M/30 
buffer  mixture  of  KHfcFOjj  f  Na2HP0li  at  pH  «  7.0.  But  not  cos  off  the 
P,  pestis  strains  displayed  growth  in  this  glucose nnlnsral  medium. 

A  very  retarded  growth  was  obtained  upon  adding  to  this  medium  cystine 
and  pherylalanine  at  0.002#.  Upon  subculturing,  as  a  result  of 
habituation  a  weak  growth  was  obtained  even  without  and.no  adds. 
Adding  to  the  medium  0.002#  proline  intensified  the  growth  of  two 
strains,  but  had  no  effect  upon  the  growth  off  the  other  strains  of 
P.  pestis. 

The  addition  to  a  glucose -mineral  medium  containing  cystine 
and  phenylalanine  of  only  one  of  the  following  growth  factors  — 
biotin,  pantothenic  add,  thiamine,  or  hematln  •—  does  not  affect 
growth.  In  the  same  medium  (without  growth  factors)  the  authors 
demonstrated  the  possibility  of  repladng  cystine  with  thiosulfate, 
with  sulfite,  with  thioglycolate,  with  horaccystine,  but  not  with 
methionine.  We  note  that  in  the  animal  organism  it  is  possible 
to  replace  cystine  and  cysteine  with  methionine,  but  methionine 
can  never  be  substituted  by  cysteine  or  by  cystine.  Phenylalanine, 
as  one  of  the  two  amino  acids  in  the  medium  must  be  included  among 
the  supplementary  substances,  since  it  stimulates  growth,  which 
proceeds  with  the  same  intensity  as  it  has  without  it,  but  after 
previous  adaptation.  Tryptophan,  tyrosine,  or  glycine,  and  also 
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pbenylacetlc  and  indolacetic  acids  can  never  be  included  among  the 
supplementary  amino  acids,  since  these  substances  do  not  exert  a 
substantial  effect  on  growth. 

M.  Doudoroff  concluded  that  all  the  amino  acids  tested  have 
no  greater  importance  for  the  growth  of  P.  pestis  than  do  ammonium 
salts.  It  also  v?as  noted  that  several  amino  acids  added  to  a  medium 
not  containing  any  amino  acids  caused  a  certain  suppression  of  growth. 
Thus,  strain  adapted  to  a  glucose -mineral  medium  revealed  a  retarda¬ 
tion  of  growth  in  the  presence  of  0,002$  of  1-  or  dl-leucine  when 
added  jointly  with  cystine  or  thiosulfate.  Much  of  the  data  cited 
above  has  been  subjected  to  complete  or  partial  reexamination,  Herbert 
(I2lt)  also  studied  the  growth  of  two  avirulent  and  three  virulent 
strains  of  P.  pestis  in  media  of  precise  chemical  composition.  The 
above  described  nutrient  medium  of  Berkrrvan,  containing  glucose, 
mineral  salts,  and  a  collection  of  twenty  different  natural  amino 
adds,  in  the  opinion  of  Herbert,  also  cannot  assure  the  growth 
of  all  the  strains  tested.  The  last  medium  is  capable  only  of 
providing  for  the  growth  of  a  small  number  of  cells  after  adapta¬ 
tion. 


The  nutrient  medium  of  Herbert  contained  glucose,  mineral 
salts,  and  the  following  amino  acids:  gl -glutamic  acid  at  M/200, 

M/5 00  glycine,  and  the  following  acids  at  concentrations  of  M/lOOO: 
1-arginine,  1-histidine,  1-oxyproline,  dl-aianine,  dl-valine ,  dl- 
leudne,  dl-dsoleucine,  dl-nor leucine,  dl-aspartic  acid,  dl -lysine , 
and  dl-proline.  The  following  were  contained  at  concentrations  of 
M/2000:  dl-eerine,  dl-tyrosine,  dl-histidine ,  and  dl-mothionine. 

The  racemate  of  tryptophan  was  added  at  a  concentration  of  M/5000. 

In  addition,  a  mixture  of  seventeen  different  growth  factors  parti¬ 
cipated  in  this  same  medium,  hut  since  they  did  not  affect  growth, 
we  will  not  list  them  here.  The  sole  effective  growth  factor  of 
these  seventeen  was,  shown  to  be  hemin,  which  also  was  part  of  the 
nutrient  medium.  Thus,  this  medium  contained  glucose,  mineral  salts, 
hemin,  and  a  selection  of  eighteen  natural  amino  acids,  differing 
from  the  Berkman  media  only  by  the  presence  of  heirine  and  probably, 
by  a  rational  concentration  of  airti.no  acid3„  Such  a  nutrient  medium 
provides  for  the  growth  of  all  five  tested  strains  upon  implanting 
with  only  ten  cells. 

In  order  to  explain  the  significance  of  each  aminoacid,  the 
authors  exluded  each  of  them  separately  .from  the  composition  of  the 
nutrient  medium.  In  this  way  it  was  possible  to  divide  all  the 
andnoacids  in  to  four  groups:  l)  aminoacids  whose  exclusion  does 
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not  effect  the  growth  (glycine,  alanine,  nor  leucine ,  aspartic, 
glutamic  acids,  lysine,  proline,  oxyptoiine,  pyrosine ,  and  tryptophan) j 
2)  aminoacids,  whose  exclusion  resulted  in  a  slight  inhibition  of 
growth  (serine,  methionine,  and  arginine)}  3)  aminoacids.  whose  ex¬ 
clusion  strongly  retards  growth  (threonine  and  histidine)}  U)  amino- 
acids,  in  whose  absence  growth  is  impossible  (valine,  leucine, 
isoleucine,  cystine,  and  phenylalanine). 

However  a  medium  containing  only  indispensable  aminoacids  (the 
fourth  group),  hemin,  glucose,  and  mineral  salt  does  not  result  in 
growth.  But  growth  is  absent  even  upon  the  addition  to  the  medium 
of  aminoacids  of  the  third  group*  Further  complication  of  the  medium 
ty  adding  various  aminoacids  improves  growth,  which  becomes  optimal 
with  the  presence  of  all  eighteen  aminoacids. 

Herbert  established,  moreover,  the  possibility  of  replacing 
hemin  by  thioacetic  acid  and  even  by  animal  charcoal  ^zhivotnyy  ugol^J. 
The  author  concluded  that  hemin  is  necessary  for  P.  pestis  cells  in  , 
the  synthesis  of  catalase,  which  protects  the  cells  from  the  harmful 
accumulation  of  hydrogen  peroxide.  Animal  carbon,  apparently,  is 
capable  of  replacing  catalase  owing  to  its  capacity  also  to  decompose 
hydrogen  carbide.  The  action  of  thioacetic  acid  was  explained  by 
the  author  as  due  either  to  the  capacity  to  split  the  peroxide  or 
to  suppress  the  formation  of  this  peroxide. 

Englesberg  (ll5)  studied  the  effect  of  the  sulfur-containing 
aminoacids  on  the  growth  of  an  avirulent  strain  of  P.  pestis.  The 
Englesberg  medium  contained  glucose,  mineral  salts,  hyposulf ite , 
phenylalanine,  valine,  isoleucina,  and  methionine.  It  was  estab¬ 
lished  that  removing  ary  of  the  existing  aminoacids  and  hyposulfites 
prevents  the  growth  of  the  culture,  hyposulf ite  can  be  replaced 
by  cystine,  sulfite,  or  sulfide,  but  in  the  presence  of  methionine. 
When  hyposulf ite  is  present  methionine  can  replaced  cystothionine 
or  homocysteine.  Consequently,  the  P.  pestis  cells  are  capable  of 
methylating  if  they  synthesize  methionine  from  such  substances  as 
cystothionine  and  homocysteine, 

Rockenmacher  and  James  (116),  in  verifying  the  nutrient 
media  of  Rao,  Eoudoroff,  Berkman,  and  Herbert,  found  that  all  of  the 
media  in  question  did  not  assure  the  maximum  growth  of  the  Pe  pestis 
cells,  representing  27  different  strains „  They  used  a  medium 
called  "synthetic  casein"  and  containing,  in  addition  to  the 
mineral  salts  and  glucose,  a  mixture  of  pure  aminoacids,  qualitatively 
and  quantitatively  corresponding  to  the  essoin  hydrolysate,  Tn 
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addition,  those  authors  tested  the  addition  to  the  medium  of  fourteen 
different  vitamins,  but  not  one  of  these  growth  factors  had  an  effect 
on  the  growth  of  the  plague  bacillus* 

The  Rockenmaoher-JajBBS  medium  made  possible  the  cultivation 
of  aU  2?  strains,  just  as  well  as  in  the  meat  broths,  under  the 
condition  that  it  was  used  in  the  liquid  form,  but  this  medium  con¬ 
taining  agar  requires  hemln  for  successful  cultivation* 

Te*  M*  Gubarev,  S.  I*  Zaplatina,  and  A*  M.  Konnova  (25) 
studied  the  ardnoadd  requirements  of  9*  pestis  cells  in  a  some¬ 
what  different  manner  than  had  been  used  ty  the  previous  authors. 

Two  strains  of  this  species  —  the  avirulent  KV  and  the  virulent 
Ho  177  —  were  cultivated  in  a  mineral -glucose  medium*  The  medium 
was  prepared  in  this  way*  the  following  salts  were  added  to  a  phos¬ 
phate  buffer  containing  H/l5  Na2HPO[i  and  KH2PO;{  at  pH  *  7*3*  cal¬ 
cium  chloride  —  1  m$Cj  magnesium  sulfite  —  h  ammonium  chloride 
—  loo  mg5?j  iron  oodde  sulfate  —  20  mg£;  manganese  sulfate  —  2  mg£; 
sodium  chloride  —  2  ttf&i  glucose  —  200  mg&  and  the  aminoacid 
being  tested  —  160  The  following  synthetic  andnoadds  were 
tested*  methionine,  tryptophan,  phenylalanine ,  valine,  glutamic 
add,  glycine,  alanine,  tyrosine,  cysteine,  cystine,  nor  leucine , 
and  asparagine* 

When  a  large  amount  of  inoculation  material  (one  billion  washed 
cells  in  five  ml  of  medium)  at  28°,  over  a  period  of  five  days  a 
very  weak  growth  of  both  strains  for  all  andnoadds  was  detected, 
with  the  exception  of  tyrosine  and  tryptophan*  The  growth  was  noted 
from  the  turbidity  of  the  transparent  nutrient  media*  The  vitality 
of  cells  in  such  media  lasted  long*  thus,  inplantations  in  agar 
dishes  containing  the  Chottinger  medium  after  a  seven-month  residence 
in  synthetic  media  yielded  normal  growth  far  colonies  typical  of 
P.  pestis. 

In  all  media  containing  one  ardnoacid,  an  attenuation  of  the 
vitality  of  the  bacilli  could  be  noted*  upon  subculturing  in  the 
same  media  not  only  was  there  no  adaptation  to  it,  but  on  the  con¬ 
trary,  with  each  subculturing  the  growth  became  weaker  and  on  an 
average  after  four  subculturings  ceased  entirely.  The  cause  for 
this  lies,  probably,  in  that  a  very  high  implantation  number  is 
required  for  growth.  In  solid  glucose -mineral  media  (1,5$  Ittfko 
agar)  growth  ceased  for  one  airdnoacid  in  most  of  the  cases.  It 
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was  detected  only  to  a  weak  extent  on  the  seventh  day  in  media  con¬ 
taining  glutardc  acid,  glycine,  phenylalanine,  norleucine ,  or  cysteine  c> 
An  agar  medium  containing  cysteine  provided  growth  for  two  strains 
—  the  virulent  No  177  and  the  svirulent  No  154  —  if  the  inoculation 
amounted  to  100  million  cells*  Here  the  growth  was  discovered  in 
the  form  of  large  colonies  after  six  days,  and  from  100  million  cells 
not  more  than  40  colonies  developed*  Such  an  insignificant  number 
of  cells  was  adopted  quite  well  to  this  medium* 

Upon  prolonged  storage  of  agar  dishes  (more  than  3even  days) 
containing  media  which  had  one  anrLnoaeid,  their  contamination  by 
air  micr ©flora  was  noted.  A  growth  of  typical  colonies  of  P.  pestis 
was  discovered  around  soma  colonies  contaminating  the  cult wing. 
Foreign  microorganisms,  proving  to  be  "small-acale  feed"  /kormilki/ 
of  the  plague  bacillus  were  not  identified  by  the  authors,  but 
supposedly  are  among  the  Sarc'lna  or  actincmycetes*  Individual  tests 
of  these  "sn&H -scale  feedings"  that  is,  their  artificial  implanta¬ 
tion  in  a  Petry  dish  which  had  not  displayed  the  growth  of  P.  pestis, 
stimulated  the  appearance  of  typical  colonies  of  the  plague  bacillus. 
However,  the  "small-scale  feeds"  stimulated  the  growth  of  the  plague 
bacillus  only  in  media  containing  one  of  the  following  aminoacids: 
glycine,  nor  leucine,  phenylalanine,  or  glutamic  add* 

The  authors  did  not  investigate  in  more  detail  the  nature 
of  the  "small  scale  feed"  and  the  P.  pestis  growth  stimulator  con¬ 
tained  therein,  since  such  a  stimulator  obtained  from  Sarcina 
had  been  studied  by  Karpuzidi  and  colleagues  in  studies  which  will 
be  examined  later* 

Te.  M.  Gubarev,  S.  I,  Zaplatina,  and  A.  M.  Kannova  (2$) 
tested  many  agar  media  containing,  in  addition  to  glucose  and 
the  above  indicated  mineral  salts,  the  most  diverse  combinations 
of  two  or  more  (up  to  seven)  amino  acids,  although  in  these  com¬ 
binations  amino  acids  showing  the  most  favorable  effect  on  the 
growth  of  plague  bacilli  in  liquid  media  were  used,  in  agariredia 
no  growth  was  forthcoming. 

Guided  by  the  indications  of  Roekenmacher  and  James  on  the 
positive  effect  on  the  growth  of  P.  pestis  that  was  shown  by  the 
amino  acid  accomodation  approximately  corresponds  to  the  composi¬ 
tion  of  the  casein  hydrolysate,  Xe.  M,  Gubarev  and  his  colleagues 
obtained  an  agar  medium  assurring  satisfactory  growth  for  almost  all 
strains  tested.  The  composition  of  this  medium  is  as  follows: 
alanine,  —  23.8/?,  asparagine  12  mg??,  cysteine  —  1.4  mg#,  glutamic 
acid  —  64.2  mg#,  methionine  — ■  V?,6  mg %s  phorylalanine  —  6.6  mg#, 
glycine  —  21  nig#,  tryptophan  —  23.2  mg??  tyrosine  —  11  mg#,  valine 
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—  16  mg^,  norleucina  —  10  rag$,  magnesium  sulfate  —  U  tng£,  iron 
sulfate  —  2  mgjS,  manganese  sulfate  —  2  m^S,  sodium  chloride  — 

2  mg^,  and  glucose  —  100  mg£,  in  addition,  the  medium  contained 
a  M/15  buffer  of  KH2PQ4.  /  Na2HP0l;  at  pH  a  7*3  and.  1%$%  Difko  agar. 
Glucose,  cysteine  and  the  salts  were  added  sterilely  to  the  remain¬ 
ing  components  of  the  autoclaved  medium. 

Of  two  strains  of  P.  peatis  —  EV  and  No  177  —  only  the 
latter  displayed  satisfactory  growth  in  this  medium  at  28°,  forming 
a  continuous  deposit  of  blending  colonies  in  l8-2li  hours  for  implsn- 
tation  doses  of  from  100  to  one  million  cells.  However,  an  additional 
testing  of  seven  more  strains,  of  which  six  were  found  in  the  R-form 
and  only  AMP  strain  in  the  S-form  revealed  in  all  cases  growth 
as  satisfactory  as  that  observed  for  strain  No  177.  Thus,  various 
authors  working  with  the  most  diversified  strains  of  tho  plague 
bacillus  demonstrated  the  extensive  adaptability  of  these  cells 
to  the  conditions  of  the  nutrient  medium.  The  cells  P.  pestis 
do  not  require  vitamins  which  are  indispensibla  for  their  growth. 

In  the  presence  of  the  appropriate  mineral  salts  and  glucose, 
several  strains  are  oapable  of  being  cultivated  on  one  amino  acid. 
However,  growth  under  such  conditions  can  be  obtained  with  a  very 
high  culturing  number  /See  Note/.  Hence,  the  indispensibla  awrinn 
acids  that  are  required  for  the  growth  of  plague  bacillus,  without 
which  growth  is  entirely  impossible,  can  not  be  easily  specified. 

It  is  much  easier  to  designiate  the  supplementary  amino  acids, 
stimulating  growth,  although  to  varying  degrees.  This  category 
includes,  apparently,  all  the  eighteen  natural  aad.no  acids.  However, 
among  the  supplementary  aadno  acids  there  are  several,  such  as, 
phenylalanine,  cysteine,  glutamic  acid,  and  valine  which  are  more 
iiqportant  than  the  otters. 

(/ElOTE/  Experiments  with  higher  inoculating  numbers  are  not 
convincing,  since  this  makes  estimate  of  nutrients  difficult.  —  Ed.) 

Hills  anti  Spurr  (117)  established  the  effect  that  tempera¬ 
ture  has  on  the  nutrition  requirements  of  the  plague  bacillus.  Study¬ 
ing  the  nutrition  of  three  avirulent  strains  of  P.  pestis  at  tem¬ 
peratures  within  the  limits  of  23-37  in  a  glucose-mineral  medium 
with  the  addition  of  amino  acids,  these  authors  found  that  for 
temperatures  in  the  limits  of  32-23°,  the  optimal  medium  must  con¬ 
tain,  in  addition  to  glucose  and  mineral  substances,  the  following: 
phenylalanine,  valine,  isoleucine,  cysteine,  methionine,  and  hendn. 
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Five  of  the  six  strains  tested  used  leucine  Instead  of  valine, 
although  here  the  growth  attained  was  not  equaled  to  the  maximum. 
Growth  at  36°  was  at  an  optimum  for  the  case  in  which  alanine, 
leucine,  serine,  threonine,  biotin,  and  pantothenic  acid  ware 
added  to  the  above-mentioned  five  amino  acid  were  added  to  the  above- 
mentioned  five  amino  acids  and  hemin.  The  absence  of  alanine  or 
leucine  noticably  retarded  growth.  In  the  absence  of  biotin  and 
pantothenic  acid  the  strains  tested  shewed  good  growth  only  in  a 
medium  containing  a  selection  of  twenty  amino  acids. 

Hemin  must  be  included  among  the  supplementary  growth  factors. 
Although  the  latter  does  not  result  in  a  sharply  pronounced  stim¬ 
ulation,  it  does  favorably  affect  growth. 

Apparently  also  several  vitamins  have  a  noticeable  stimula¬ 
ting  action  on  the  growth  of  P.  pestis,  although  their  absence 
in  nutrient  media  does  not  exclude  normal  growth.  Thus,  Sokhey 
(118),  pointing  to  the  necessary  requirement  of  phenylalanine, 
proline,  and  cystine  for  the  growth  of  P.  pestis  found  that  thia¬ 
mine,  nicotinic  acid,  and  other  vitamins  none  the  less  do  stimulate 
the  growth  of  this  microbe. 

A  distinctive  growth  stimulator  of  the  plague  bacillus  is 
a  substance  (or  substances)  contained  in  many  species  of  non- 
pathogenic  micro-organisms,  especially  in  Sarcinaa.  Most  detailed 
information  dealing  with  this  stimulator  is  available  in  the 
reports  of  K.  S.  Karpuzidi  et  al,  K.  S.  Karpuzidi  and  A.  M. 
Khokhlova  (119)  showed  that  the  lysate  of  the  irdcrobe -"small- 
scale  feed",  added  to  the  usual  liquid  and  solid  nutrient  media 
( Marten* s  broth  or  the  sai®  with  agar),  sharply  reduced  the  im¬ 
plantation  dose,  down  to  one  cell  of  P.  pestis.  The  rates  of  cul¬ 
ture  growth  are  also  accelerated.  These  results  were  obtained  with 
three  strains,  of  which  two  —  No  112  and  No  291  —  were  virulent 
and  one  —  vaccine  E7  —  avirulent.  The  stimulator  tested  both 
during  the  cultivation  process  as  well  as  upon  long  storage  (up 
to  twelve  months)  in  media  did  not  change  the  main  biological 
properties  of  the  strains.  Unchanged  in  the  strains  were  the 
following:  vitality,  virulency,  response  toward  bacteriophage, 
agglutinability,  and  biochemical  activity.  In  a  report  by  K.  S. 
Karpuzidi  and  L.  N.  Makar ovskaya  (120)  it  was  stated  that  this  sane 
lysate  from  "small  scale  feed"  essentially  shortens  the  initial 
stationary  phase  of  growth  and  the  phase  of  negative  acceleration 
of  the  multiplication  of  the  strain  EV  cells  of  P.  pestis. 
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A.  M.  Krichevskaya  and  K.  S.  Karpuzidi  (121)  produced  the 
growth  stimulator  from  the  lysates  of  the  microbe -"small  scale 
feed"  by  means  of  salting-out  the  lysates  with  a  saturated  solution 
of  ammoniums  sulfate.  It  was  established  that  all  the  proteins 
of  the  lysate  are  salted-out  only  for  10$  saturation  of  this 
salt,  and  the  filtrate  following  removal  of  the  salted-out  proteins 
no  longer  has  the  ability  to  stimulate  the  growth  of  P.  pestis.  Of 
the  number  of  salted-out  proteins  the  protein  fraction  in  which 
all  the  stimulator  was  contained  was  disolvad  in  a  phosphate  buffer 
at  pH  ■  8.6-9. 2.  The  retraining  proteins  were  inactive.  The  active 
fraction  was  soluble  in  water  and  in  a  neutral  reaction  was  capable 
or  being  precipitated  from  solution  by  acetone  without  changing 
its  stimulating  properties. 

In  this  way  the  soluble  protein  fraction  obtained  following 
washing  and  acetone  drying  proved  to  be  a  powder,  which  stimulated 
the  growth  of  P.  pestis  cells  in  a  concentration  of  1:1,000,000. 

The  P.  pestis  growth  factor  has  been  applied,  in  the  form  of  the 
preparation  described  without  subsequent  purification,  in  isola¬ 
ting  cultures  from  weekly  infected  material,  from  which  growth  is 
difficult  to  induce  with  the  usual  nutrient  media. 

Growing  P.  pestis  cultures  in  glucose -mineral  media  with 
the  addition  of  a  given  an&noacid  mixture,  as  is  clear  from  all  that 
has  been  said  above,  is  not  free  of  certain  difficulties.  These 
difficulties  occur  since  researchers  must  deal,  as  a  rule,  with 
strains  already  adapted  to  this  or  that  nutrient  medium.  But  a 
richer  growth  of  any  strain  without  previous  adaptation  can  probably 
be  obtained  when  all  or  almost  all  of  the  array  of  amino  acids  are 
present  in  the  medium.  However,  in  several  cases  a  medium  proved 
wholly  satisfactory  although  it  was  not  "synthetic",  but  rathsr 
deliberately  reduced  in  proteins.  Thus,  the  hydrolysates  referred 
to  above  of  several  proteins  yield  airdnoacid  mixtures  providing  a 
rich  growth  of  the  most  diverse  strains  of  P.  pestis.  Of  such  hydroly¬ 
sates  the  most  widespread  in  use  is  the  casein  hydrolysate  con¬ 
taining  1.  mono  and  a  mixture  of  mineral  substances.  Being  non- 
ox  -  Jin  a.i.:  mixture  in  providing  good  growth  for  all  strains  of 
i',.  [  .  si  ic  't  .'.■icnisnt  for  the  study  of  the  plague  bacillus  proteins 
fvcc.<  .  -an  pA'.  .t win  impurities  of  the  nutrient  medium. 

;r,6  dukcergie  (122)  have  suggested  that  nutrient  medium 
,i.;d  >;  p0  pestis  from  coriorcerieal  casein  hydrolysed  for 
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seventy-two  hours  by  sulfuric  acid  with  an  admixture  of  hydrochloric 
acid,  followed  by  the  neutralization  of  the  adds  by  sodium  hydroxide 
and  barium  carbonate.  The  barium  sulfate  forming  is  removed  by  filter¬ 
ing.  Several  salts  of  magnesium  and  iron  are  added  to  the  hydrolysate 
in  addition  to  the  alcohol  extract  of  the  liver.  The  growth  of  P. 
pestis  cultures  in  such  a  medium  does  not  exceed  the  growth  in  meat 
broths.  In  filtrates  of  the  culture  an  active  and  specific  protein 
antigen  has  been  discovered.  The  vacdne  obtained  from  such  a 
medium  according  to  the  Haffkine  method  proves  to  be  one-fourth  as 
toxic  and  four  times  more  active  than  the  original  Haffkine  vaccine ,, 
Finally,  the  suggested  medium  is  cheaper  than  meat  broth. 

For  this  purpose  of  reducing  production  costs  of  vaccines 
and  more  easily  standardizing  them,  Seal  (123)  proposed  the  above 
described  casein  hydrolysate  for  a  solid  nutrient  medium.  A  P. 
pestis  culture  in  a  solid  medium  produces  a  cell  yield  that  is 
l£($  greater  than  that  from  the  same  volume  of  liquid  casein  - 
hydrolysate  medium.  In  comparison  with  an  agar  medium  in  meat 
broth  the  Seal  produces  a  ten-fold  cell  yield. 

Ye.  M.  Gubarev,  S.  I.  Zaplatina,  and  A.  M,  Kcmcrva  (op.  cit.) 
can  only  confirm  the  advantages  presented  of  the  medium  containing 
casein  hydrolysate.  But  these  authors  join  in  finding  it  more 
adivsable  to  use  in  the  hydrolysis  of  casein  some  sulfuric  acid, 
which  would  assure  quite  a  complete  removal  in  the  form  of  the 
barium  salt. 

The  above-mentioned  studies  on  the  nutrition  requirements 
of  P,  pestis  in  terms  of  aminoacids  show  that  for  this  cell  species 
several  aminoacids  have  particular  value.  Individual  studies 
conducted  in  this  area  are  of  great  interest. 

Thus,  a  series  of  investigations  (123,  12it)  has  established 
that  lysis  of  several  bacteria,  including  E,  coli,  occurs  in 
glycine  solutions.  Levine  et  al  (126)  used  glycine  as  an  agent 
lyzing  P,  pestis  cells.  A  suspension  of  cells  in  a  molar  solution 
of  glycine  was  subjected  to  lysis.  Whereas  whole  cells  assimilate 
pyruvic  and  acetic  acids,  preparations  made  from  cells  lyzed  by- 
glycine,  have  lost  this  ability.  It  is  probable  that  under  such 
conditions  damage  or  degradation  of  enzymes  of  the  tricarboxylic 
cycle  takes  place.  But  if  exposure  of  cells  in  a  glycine  solution 
is  reduced  to  the  extent  that  only  part  of  the  cells  are  lyzed, 
then  the  remaining  whole  bacilli  retain  the  ability  to  oxidize 
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pyruvic  acid  along  with  the  collate  loss  of  the  ability  to  oxidize 
acetate*  In  the  latter  ease  the  cells  acquire  the  property  of 
accumulating  acetic  acid  through  oxidation  of  pyruvic  acid  which 
is  here  subjected  to  oxidative  decarboxylation* 

In  the  study  of  Roclcermachsr  and  James  referred  to  above  (ll6) 
it  is  shown  that  serine  is  a*ong  the  essential  asdnoacids  for  the 
growth  of  P.  pestis*  This  is  shown  in  the  cultivation  of  twenty- 
seven  different  strains  in  media  from  which  individual  eminoacids 
were  excluded  one  at  a  time.  However,  in  the  studies  of  Rao  (l&, 

16)  it  was  shown  yet  earlier  that  the  strain  No  120/H  of  P.  pestis 
oxidizes  serine  more  rapidly  than  do  fifteen  other  natural  amino- 
acids  tested.  The  observations  of  Rao  have  been  confirmed  ty  Levine 
ot  al  (126)  in  experiments  on  the  avirulent  strain  of  P.  pestis 
A-1122, 


In  the  last  case  tbs  complete  oxidation  of  serine  with  the 
formation  of  pyruvic  and  acetic  acids  as  intermediate  products  was 
shown*  These  same  authors  established  that  the  oxidation  of  serine 
by  nonmultiplying  P*  pestis  cells  is  specific  for  the  1-isomer,  since 
for  five  moles  of  1-eerine  as  much  oxygen  is  consulted  as  for  ten 
moles  of  dl-eorine .  In  this  connection,  d -serine  does  not  have  an 
affect  on  the  oxidation  of  the  1-isomer »  Oxidation  occurs  also 
in  the  presence  of  the  2,  U-dinitrophenol,  which  at  such  concentra¬ 
tions  is  a  powerful  inhibitor  of  the  oxidation  of  several  eubstrated 
for  several  species  of  bacteria.  The  fact  that  the  P.  pestis  cells 
treated  with  glycene  under  the  above-mentioned  conditions  is  capable 
of  accumulating  acetate  by  way  of  pyruvate,  is  used  to  explain  the 
intermediate  stages  of  serine  oxidation.  The  results  of  the  in¬ 
vestigations  permit  the  suggestion  that  serine  oxidation  occurs  in 
the  following  manner  /Sue  Note/: 


CH _ COOH 

/ 


OH 


vi' 


NH, 


serine 


CH3 _ 00 _ COH  /  NH3 

Pyruvic  Acid  ^ 


GH3  _ COOH  /  C02 

ACiTIC  ACID 
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(Moiti/  Chargaf  and  Sprinson  (19U3)  demonstrated  an  analogous 
path  f  or  Es cnerichia  coll  in  the  conversion  of  serine  into  pyruvic 
acids  an  intermediate  stage  of  which  is  the  formation  of  an  aminoacid 
under  the  action  of  the  enzyme  serine dehydrase  (Workman.  Wilson, 
Physiology  of  Bacteria.  Moscow,  195ht  pages  3lj2)  •  *•  Ed,/ 


SOIFTR  METABOLISM 


Pages  89=90 


The  nutritive  requirements  of  P.  pestis  in  regard  to  amino 
acids  and  other  organic  and  mineral  substances  containing  sulfur 
are  of  a  special  importance . 

Hills  and  Spurs*  (117),  Roctenaacher  (12?)  have  established 
virulent  and  svirulent  strains  of  P«  pestis  requires  cystine  and 
methionine.  Thus,  there  exist  a  requirement  for  two  sources  of 
sulfur  in  different  strains  of  P.  pestis.  A  more  detailed  study 
of  the  sulfur  metabolism  of  the  A  1122  strain  of  P.  pestis  given 
in  the  study  of  Englesberg  (11S>)  has  shown  the  following.  The 
growth  of  this  strain  in  a  glucose -mineral  medium  is  satisfactory 
in  the  presence  of  dl -amino  acids;  phenylalanine,  valine,  isoleoulne, 
two  necessary  sources  of  sulfur  -  methionine,  and  hyposulfite  —  at 

O. U  mg/l  of  each  of  these  compounds .  Any  of  the  amino  acids  con¬ 
taining  sulfur,  or  any  of  the  mineral  sources  of  sulfur  alone  cannot 
replace  the  mixture  of  hyposulfite  with  methionine.  But.  in  the  presence 
of  hyposulfite  dl4iomo cystine  or  1 -cystathionine  entirely  replaces 
methionine. 

In  the  presence  of  dl-methionine  hyposulfite  can  be  replaced 
only  by  sulfite,  sulfide,  or  1 -cysteine,  whereas  sulfate  or  dl- 
homo cysteine  in  this  instance  entirely  excludes  the  possibility  of 
growth,  and  1-cystathiordne  assures  only  a  barely  perceptible  growth. 

In  addition,  the  author  succeeded  in  obtaining  a  mutant  of 

P.  pestis  —  a  strain  called  M-l,  which  sharply  differs  in  its 
sulfur  source  needs  from  the  previous  strain.  The  M-l  mutant  shows 
satisfactory  growth  in  the  same  nutriant  medium  when  one  of  the 
following  substances  are  used  as  the  only  sulfur  source; 

5HgO,  Naj>3  9M2O,  Naj^SCh,  or  1-cystcino.  But  if  the  sole  source 
is  sulfate,  dl-homocysteine,  or  dl-methionine,  then  the  growth  is 
entirely,  absent  and  is  barely  perceptible  for  the  case  of  1- 
eystati4.avvj.nes  Weak  growth  in  the  last  case  was  explained  by  the 
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author  as  due  to  contamination  of  the  preparation  by  some  other  sulfur 
compound.  Methionine  does  not  assure  the  growth  of  the  M-l  strain, 
nor  of  the  A-1122. 

Although  Doudoroff  (113)  also  found  that  the  A-1122  strain 
of  F.  pestis  is  capable  of  growing  on  a  glucose  -mineral  medium 
upon  addition  only  of  phenylalanine  and  cystine,  but  growth  proceods 
under  such  conditions  as  would  never  exclude  the  selection  of  the 
corresponding  cells,  this  possibility  being  indicated  fcy  the  author 
himself:  a  large  amount  of  implantation  material,  very  slow  growth 
of  the  culture  under  a  relatively  rapid  suhseq^nfc  growth  in 
subcultures.  That  selection  or  mutation  in  this  instance  is 
possible  has  been  shown  by  obtaining  the  above -described  M-l 
mutant. 


In  as  much  as  methionine  and  cysteine  usually  are  present 
jointly  in  proteins  or  in  natural  mixtures  of  amino  acids,  for 
example  in  blood  and  other  tissues,  there  is  nothing  surprising 
in  the  fact  that  the  requirement  for  both  of  these  sulfur  sources 
has  been  elaborated  in  P.  pestis  cells  under  natural  conditions 
of  habitation. 
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SISTEmilCS  CF  piagtje  bacihbs  strains 

Pages  90-92 


Examination  of  tbs  data  obtained  in  studying  the  properties 
of  museum  strains  of  the  plague  bacillus,  stored  over  a  long  period 
In  artificial  nutrient  media,  and  of  strains  recently  isolated 
turn  various  natural  focuses  of  plague  propagation  demonstrate 
tbs  existence  of  a  wide  range  of  their  intraspecies  variability. 

The  division  of  plague  bacillus  strains  according  to  their 
reaction  with  glycerin  into  two  groups  has  been  given  the  widest 
recognition  in  the  TBSR  —  oxidizing  glycerin  ("glycerin-positive", 
•fcontinental1',  "maternal")  and  not  oxidizing  it  ("oceanic",  "glycerln- 
hogative").  The  representatives  of  each  of  the  indicated  groups  can 
be  sharply  distinguished  from  each  other  by  their  virulency,  toxicity, 
antigenicity,  and  by  other  properties.  It  is  entirely  obvious  that 
the  systematica  of  the  strains  presented  is  artificial  and  to  a 
certain  extent  random  in  its  selection  of  features  which  con¬ 
stitute  its  foundation,  but  it  has  proven  convenient  in  practical 
use. 


Politzelc  (128)  presented  a  critical  survey  of  the  literature 
dealing  with  the  classification  of  varieties  of  P,  pestis,  includ¬ 
ing  also  the  classification  of  P.  pestis  proposed  ty  Devignaut. 

Three  varieties  are  differentiated  in  the  latter  (Table 

6). 

A  rational  systematics  of  strains  can  be  carried  out  only 
on  tho  basis  of  data  characterizing  in  a  sufficiently  complete 
manner  the  Metabolism  of  each  of  these. 
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Special  difficulties  in  the  classification  of  strains  are 
presented  by  those  which  have  been  stored  for  a  long  period  in 
artificial  nutrient  media,  that  is,  under  conditions  differing 
sharply  from  the  natural.  These  strains ,  frequently  avirulent , 
are  so  decidedly  remote  from  the  "wild1*  strains  of  the  plague 
bacillus  that  they  are  not  even  always  regarded  as  being  of 
plague  origin. 

In  regard  to  carbohydrates  metabolism  of  the  plague  bacillus 
.more  is  known  then  of  the  other  forms  of  metabolism®  Therefor*  it 
must  be  used  primarily  for  the  systematics  of  the  strains.  Carbo¬ 
hydrate  metabolism  differs  sharply  in  its  intensity  for  strains 
of  differing  origins. 

Strains  isolated  from  Transbaykalian  marmots  and  cornnon 
marmots,  more  energetically  oxidize  carbohydrates  with  the  forma¬ 
tion  of  adds  then  do  strains  obtained  from  rats  and  other  non- 
hibemating  rodents.  Among  the  museum  strains  isolated  from  hibernat¬ 
ing  rodents,  one  meets  most  often  forms  decomposing  ramnose  then 
among  "rat"  strains,  although  "wild"  strains  of  the  plague  bacillus 
do  not  decompose  it.  All  museum  strains  of  the  plague  bacillus 
change  continually,  acquiring  a  progressive  capacity  to  oxidize 
various  carbohydrates  with  the  formation  of  acids.  In  addition  to 
this,  the  circle  of  carbohydrates  that  they  utilize  also  expand 
(ramnose  and  saccharose). 

Thus,  the  intensity  of  the  formation  of  acids  from  carbo¬ 
hydrates  increases  as  one  goes  from  freshly  isolated  "wrapped" 
strains  to  strains  of  the  "Transbaykalian  marmot",  from  "young" 
museum  strains  to  "old",  stored  for  many  years  in  liquid  or  solid 
artificial  nutrient  media. 

In  the  process  of  cultivating  the  plague  bacillus  in  media 
an  increase  in  the  intensity  of  carbohydrates  metabolism  occurs 
more  rapidly  for  "continental"  strains  then  for  "oceanic",  and  in 
each  of  these  groups  the  old  museum  strains  are  more  active  then  the 
freshly  isolated. 

It  must  be  kept  in  view  that  all  the  data  presented  characteriz¬ 
ing  "oceanic"  and  "continental"  strains  of  the  plague  bacillus 


pertain  only  to  those  of  these  groups  which  have  past  for  a  long 
period  through  the  same  animal,  for  example  in  the  Transbaykalian 
marmot,  the  common  marmot,  rat,  etc.  In  those  cases  when  passage 
of  the  strains  occurs  interruptedly,  now  in  hibernating  rodents, 
and  now  in  animals  not  sleeping  through  the  winter,  forms  allies 
with  intermediate  properties* 

The  interrelationship  between  virulency,  antigenicity,  mor¬ 
phological  and  cultural  properties  of  the  plague  bacillus  and  its 
carbohydrate  metabolism  is  unquestioned*  As  is  generally  known, 
the  most  virulent  strains  causing  primarily  pneumonic  plague,  are 
isolated  from  the  Transbaykalian  marmots.  These  strains  are 
typically  "continental",  with  a  sharply  pronounced  capacity  to 
decompose  carbohydrates,  to  form  a  well-defined  capsule,  to  easily 
dissociate,  and  to  have  a  relatively  email  inplantation'  number. 

Their  antigenic  capacity  is  extremely  unstable*  Upon  loss  of 
virulency  the  strain  rapidly  losses  its  imunogenlcity. 

The  strains  isolated  from  rats  are  considerably  less  virulent* 
The  "rat"  strains  are  typical,  B oceanic*,  causing  the  bubonic  farm 
of  the  plague*  Their  carbohydrate  metabolism  is  less  Intensive  then 
for  the  "continental".  Upon  loss  of  virulency  the  antigenic  pro¬ 
perties  are  preserved*  In  general  "oceanic"  strains  are  stable 
and  have  a  Ugh  implantation  number. 


TABUS  6 


Variety 


Fermentation  Formation  of 

of  glycerin  nitrous  acid 


P.  pestis  var,  orientalis 
P.  pestis  var.  antique 
P.  pestis  var.  rnediavalls 


i 


Remark.  -  signifies  absence,  and  /  signifies  the  presence  of 
fermentation. 
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METABOLISM  OF  THE  PLAGUE  AND  BSEUDO-TUBERCTJLAR 
BACILLI  IN  CONNECTION  WITH  THE  ERQBISMS  (F  THEIR 
DIFFERENTIATION 

Pages  92-98 


The  diagnosis  of  the  plague  (P.  pestis)  and  the  pseudo- 
tubercular  (P.  pseudotuberculosis)  bacilli  in  artificial  nutrient 
media  has  not  presented  special  difficulties.  However,  this  refers 
only  to  freshly  isolated  strains  from  focuses  of  their  propagation. 

The  task  of  differentiating  museum  strains  of  the  indicated  species 
of  microorganisms  sometimes  is  greatly  complicated. 

Numerous  differential -diagnostic  media,  suggested  to  distinguish 
the  plague  bacillus  from  the  pseudo-tubercular,  have  as  their  basis 
the  practical  use  of  the  characteristics  of  their  metabolism. 

For  the  great  diversity  of  the  media  proposed  in  the  differential 
diagnosis  of  the  plague  and  the  pseudo-tubercular  bacilli,  they  can 
be  combined  into  a  relatively  small  number  of  groups.  For  this 
summing  up  the  features  of  the  metabolism  of  the  microorganisms 
which  have  found  in  each  individual  case  diagnostic  value  are 
used. 


The  ability  of  microorganisms  to  adapt  themselves  to  new 
and  sometimes  unf avoidable  conditions  of  the  external  environment 
has  found  widespread  use  in  diagnosis.  In  these  cases,  the  adaptive 
capacity  is  determined  visually  —  there  is  growth  or  there  is 
not  growth,  and  its  intensity  in  the  given  medium  being  tested. 

Of  this  group  of  diagnostic  tests  the  use  of  a  medium  linking 
in  nutrients  both  in  regard  to  their  concentration  as  well  as  to  the 
diversity  of  organic  and  inorganic  compounds  has  found  amplication. 

A.  A.  Vezsonova  (129)  has  proposed  an  acid -poor  agar  for  the 
differential  diagnosis  of  the  plague  and  the  pseudo-tubercular 
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bacilli,  based  on  the  fact  that  the  pseudo-tubercular  bacillus  is  less 
exacting  toward  the  composition  Of  the  nutrient  medium,  then  is  the 
plague  bacillus.  Unfavorable  conditions  for  the  growth  of  bacteria 
in  this  medium  were  compensated  by  the  author  by  reducing  the 
medium  pH  down  to  5*9*6*  1.  In  add-poor  agar  the  plague  bacillus 
does  not  grow,  and  the  pseudo -tubercular  bacillus  grows  weakly. 

It  is  apparent  that  under  rigid  conditions  of  cultivation 
existing  in  the  Bezsoncva  medium,  only  the  microbe  with  a  strongly- 
pronounced  adaptative  capacity  can  develop.  Such  a  microbe  is 
the  pseudo-tubercular. 

The  same  reasoning  lies  at  the  bases  of  the  method  used 
by  Kurocha  for  differentiating  the  plague  from  the  pseudo-tubercular 
bacilli.  This  author  suggested  cutivating  both  species  of  bacteria 
in  the  Mayed  medium,  in  with  asparagine  and  sodium  lactate  are  used 
as  sources  of  nitrogen  and  carbon,  respectively.  The  confirmatory 
studies  of  the  suitability  of  this  medium  showed  that  most  plague 
strains  can  grow  in  it  within  the  limits  of  7-21  days,  and  the 
pseudo -tubercular  strains,  with  rare  exceptions,  grow  profusely 
over  a  period  of  l-b,  days. 

A.  A.  Bezsonova  and  A.  Tegorova  (130)  suggested  that  the 
growth  intensity  also  of  the  plague  and  the  pseudo-tubercular  bacilli 
from  different  inplantation  amounts  in  an  agar  Jelly  containing 
meat  broth  at  pH  n  6, 7-7. 8  be  employed  for  differential  diagnosis. 
This  methos,  based  on  the  difference  in  the  implantation  number, 
gives  good  diagnostic  results,  since  the  pseudo-tubercular  microbe 
grows  from  inplantation  dozes  one  million  or  ten  million  as  much 
as  do  the  plague  bacilli. 

In  cultivating  a  given  microbe  in  this  medium  over  the 
course  of  the  first  several  days  a  moderate  acidification  of  the 
latter  occurs  as  a  consequence  of  the  complete  fermentation  of  the 
glucose  present  in  the  medium,  but  subsequently  the  acids  formed 
are  subjected  to  neutralization  by  way  of  the  nitrogen  basic 
products  of  the  metabolism,  including  also  ammonia.  Since  these 
bases  more  rapidly  aid  in  large  amount  form  in  the  culture  of  the 
pseudo-tubercular  bacillus,  then  the  increase  of  pH  in  this 
medium  has  a  more  pronounced  character.  Thus,  according  to  the 
form  of  the  curve  cf  the  medium  reaction  in  these  cultures  we  can 
differentiate  both  species  of  microbes. 
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It  is  entirely  obvious  that  in  carrying  out  the  research  on 
the  medium  Obten  had  to  keep  in  view  the  buffer  capacity  of  the  pep¬ 
tone  water.  The  higher  it  was,  the  less  "sensitive"  was  the  medium 
for  the  purpose  described.  This  was  explained  by  the  "unclarity" 
of  the  results  and  by  the  "noncoinciding  data"  in  the  studies  of 
various  researches. 

According  to  the  suggestion  of  A,  A.  Bezsonova  (129),  peptone 
water  containing  ramnose  has  found  wide  application.  Freshly  isolated 
strains  from  focuses  of  plague  propagation  do  not  oxidize  the 
indicated  methylpentose ,  but  strains  of  pseudo-tuberculosis  oxidizes 
readily  with  the  formation  of  aeid3.  Nonetheless  the  oxidation  of 
ramose  cannot  serve  as  a  reliable  indicator  for  the  distinguishing 
of  the  pseudo-tubercular  bacillus  from  the  plague,  since  the  latter 
also  oxidizes  it  with  the  formation  of  acids,  but  in  considerably 
lesser  quantities. 

In  the  differential  diagnosis  of  the  plague  and  pseudo- 
tubercular  bacilli  the  use  of  their  characteristics  of  carbohydrate 
in  the  nitrogen  metabolism  have  been  widely  employed,  and  precisely 
the  high  capacity  of the  pseudo-tubercular  bacillus  to  ferment  car¬ 
bohydrates  and  to  form  ammonia  more  intensively  from  the  products 
of  protein  degradation  in  comparison  with  the  plague  bacillus. 

This  is  the  basis  for  the  use  of  the  media  by  Otten  and  Himmelf  arb, 
and  others. 


1926  Otten  suggested  that  peptone  water  with  a  low  glucose 
content  (0.5%)  be  used  to  dintinguish  the  plague  bacillus  from  the 
tubercular.  The  initial  pH  of  the  medium  was  set  at  7.0-7.2. 


, .  N«  IpanovslcLy  and  G.  N.  Lenskaya  (39)  in  I9L1U  suggested 
tnat  the  high  urease  activity  of  the  pseudo-tuJxircular  bacillus 
be  U3ed  for  the  purpose  of  distinguishing  it  from  plague  strains. 

e  oceanic  strains  of  the  plague  bacillus  do  not  decompose  urea, 
however  the  "continental"  strains  split  it,  to  a  greater  or  lesser 
extent.  Later,  Fokonne  (1950)  also  recommended  the  use  o.f  urea  to 
distinguish  the  plague  strain  from  the  pseudo-tubercular. 

,  ^  expert  committee  on  the  Plague  under  the  Chairmanship  of 

okhey  (Second  Report,  Bombay)  (31)  expressed  tin  belief  that  the 
P.  pseudo-tubercuiosis  is  easily  distinguished  from  the  l\  paatis. 

fS  STT ru1S+?TCt9^Z9d  by  its  mobilit^  *  «s  nonpath ogemi cit.y 
for  rats,  by  the  formation  of  urease,  and  the  always  present  fejn«n- 


tation  of  glycerine  and  ramnose •  In  doubtful  cases  it  is  recoisnended 
to  use  agglutination,  precipitation,  and  the  phage  tests. 

At  the  present,  the  above  described  basic  features  of  dis¬ 
tinction  are  most  often  employed  in  the  differential  diagnosis  of 
the  causatives  of  the  plague  and  pseudotuberculo3is  of  rodents. 

Thus,  Girard  (132)  studied  the  properties  of  98  P.  pestis  strains, 
most  of  which  were  of  the  "oceanic"  type,  29  —  of  the  medi avails 
type,  and  nine  —  of  the  antiqua  type.  He  also  investigated  I4O 
strains  of  P.  pseudotuberculosis,  of  which  three  were  isolated 
from  human  beings,  and  the  remainder  —  from  various  rodents  and 
birds,  with  the  exception  of  one,  which  was  isolated  from  a 
young  pig.  The  author  presents  a  standard  plan  for  differentiating 
P.  pestis  from  P.  pseudotuberculosis,  based  on  the  following! 

1)  test  of  mobility;  2)  test  for  urease;  3)  test  for  glycerin 
fermentation;  J4)  ramnose  fermentation. 

A3.1  the  indicated  teats  are  usually  negative  for  P.  pestis 
(this  refers  to  "oceanic"  strains). 

Devignaut  and  Boivin  (133)  described  two  complex  media, 
which  they  had  developed  with  the  purpose  of  facilitating  a  rapid 
orientational  diagnosis  of  three  varieties  of  P.  pestis  and  to 
differentiate  these  varieties  from  P.  pseudotuberculosis.  The 
first  medium  was  an  agar  type,  containing  glycerin,  ramnose, 
and  potassium  nitrate,  and  proved  in  most  cases  to  be  adequate 
for  distinguishing  between  the  above  indicated  types.  In  doubtful 
cases  a  second  medium  was  also  used.  It  is  semiliquid  medium, 
containing  urea  and  inulin,  and  is  used  for  various  cultures  which 
arc  found  to  exhibit  a  clear  mobility.  This  medium  makes  possible 
v.)  '-  ' -.if  fV.-ontj .ation  of  all  strains  of  the  pseudotuberculosis  bacillus 
from  P.  pestis.  In  it  mobile  cells  develop  outside  a  limited 
zone  i ■■  the  form  of  dispersed  foci,  wherease  the  immobile  P.  pestis 
grow  a  55 one  bounded  by  a  sharp  line,  but  do  not  grow  beyond  this 
limit., 

'  '’jfforentiate  the  plague  bac5.13.us  strains  from  the 
ps'ni;  lit  i’-'orcolosis  bacillus  strains  a  specific  bacteriophage  is 
:i  l.sc  ’..\lo:ved»  Gunisson,  Larson,  and  Lazarus  (132)  described 
twst  to  :•  ;’i obtaining  and  using  a  bacteriophage,  which  lyzed  33 
viral.;  .(i  .it  avimloixt  strains  of  P.  pestis  at  20°,  while  at  the 
;;amu  >  .»ot  a  single  one  of  J6’  strains  of  P.  pseudotuberculosis 
were  :,v  under  those  sane  conditions. 
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,  Devignatrb  and  Boiven  (135)  have  presented  biological  and  bio- 
chemical  characteristics  of  the  plague  and  the  pseudotubercular 
bacilli  for  the  purpose  of  differentiating  between  them.  These 
authors  have  described  methods  and  results  of  a  comparative  study 
of  these  strains  of  three  varieties  of  P»  pestis  and  P.  pseudotuber-» 
culosis.  They  tested  lit  strains  of  P.  pestis  orientalis  (variety 
0)j  three  strains  of  P.  pestis  mediavalis  (variety  M);  seven 
strains  of  P«  pestis  antiqua  (variety  A);  five  strains  of  P„ 
pseudotuberculosis ,  and  one  strain  of  a  doubtful  origin.  Two 
strains  of  variety  0  and  two  strains  of  variety  A  ware  avirulent, 
all  the  other  strains  of  P.  pestis  were  avirulent.  Variety  0 
did  not  ferment  glycerin,  but  reduced  nitrates  to  nitrites  and 
formed  nitric  acid  in  a  broth  not  containing  nitric  acid.  Two 
strains  of  this  variety  exhibited  an  exceptionally  pronounced 
property  of  fermenting  ramnose.  Variety  A  differs  from  variety 
0  by  its  ability  to  ferment  glycerin,  variety  M  from  the  others 
(0  and  A)  by  its  inability  to  reduce  nitrates  or  to  form  NOg  in  a 
medium  free  of  NO". 

The  pseudotubercular  bacillus  ferments  glycerine,  reduces  NOo 
into  NOjj;  it  facultatively  forms  N0?>  in  the  ordinary  broth,  ferments 
ramnose,  and  forms  urease,  more  actively  at  room  terperature. 

Both  varieties  of  P,  pestis  and  P.  pseudotuberculosis  are 
sensitive  to  a  phage j  the  latter  has  been  given  the  name  of  Phagus 
yersinianum  ( 136) . 

The  variety  mediavalis ,  found  in  the  southeast  USSR,  in 
Kurdistan,  and  Turkey ,  differs  from  two  other  varieties  of  P.  pestis 
and  from  P.  pscudotuberculosis  by  more  rapid  propagation  in  cultures, 
by  insentivity  to  penicillin,  and  by  a  tendency  to  form  pneumonia 
in  mice. 


Matumoto  (137)  studied  the  strains  of  P«  pestis,  carrying 
out  a  special  survey  of  enzymatic  reactions  of  the  plague  bacillus. 
He  investigated  the  biochemical  reactions  of  69  P.  pestis  strains 
and  showed  that  all  of  these  do  not  form  indole  and  lUj  they  reduced 
nitrates  to  nitrites;  they  do  not  alter  or  easily  acidify  milk  to 
coagulation;  they  do  not  ferment  anygdalin,  dulcite ,  oiythvite , 
inosite,  inulin,  rafiinose,  saccharose,  and  sorbite ;  they  fexmient. 
glucose,  galactose,  levulose,  mannite , '  and  mannose,  and  also  in 
most  cases  arabinose,  maltose,  xylose;  glycerin  and  ramnose  r,rc 


-  99  - 


fermented  by  some  strains,  and  not  by  others $  lactose  is  not  fermented 
at  all  or  vary  slightly. 

Inconstant  results  'were  obtained  with  adonite,  dextrin, 
glycogen,  salicin,  starch,  and  trehalose. 

The  author  believes  that,  since  several  strains  of  P.  pestis 
ferment  glycerin,  and  others  do  not  ferment  it,  the  test  for  glycerin 
fermentation  to  differentiate  P.  pestis  from  P,  pseudotuberculosis 
is  unsuitable.  The  observations  of  the  author  confirm  the  earlier 
discovered  relationship  between  glycerin  fermentation  and  the  geo¬ 
graphical  distribution  of  the  P.  pestis  strains. 

Chen  (138)  in  studying  $3  P.  pestis  strains  of  a  collection 
of  the  University  of  California  found  that  three  of  these  form  acid 
in  a  culture  msdium  containing  glycerin. 

Analysis  of  the  literature  data  has  established  that  glycerin¬ 
negative  and  glycerin-positive  strains  are  rarely  encountered  in 
the  same  region.  All  strains  without  exception  obtained  from 
Manchuria,  Mongolia,  Southeast  Russia,  Turkestan,  and  South  Russia 
proved  to  be  glycerin-positive,  wherease  all  strains  obtained  from 
other  parts  of  the  world  vrere  glycerin-negative.  The  author  also 
notes  that  the  several  investigators  have  demonstrated  the  conver¬ 
sion  of  glycozln-positive  strains  into  glycerin-negative  upon 
their  prolonged  storage  in  a  museum  of  live  cultures  or  after 
sub culturing. 
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VTRULENCT  CF  THE  P1AGUE  BACILLUS 


Pages  98-101 


The  virulancy  of  the  plague  bacillus  strains  falls  off  when 
they  are  stored  in  artificial  nutrient  media*  Hot  all  Btrains  under 
identical  conditions  of  cultivation  (temperature ,  composition  of 
nutrient  medium,  etc.)  lose  their  virulency  equally  rapidly.  In 
general  the  glycerin-positive  apparently  lose  it  more  slowly,  than 
the  glycerin-negative  strains  —  more  readily.  Among  the  glycerin- 
negative  strains  there  is  a  great  diversity  in  the  rate  of  decrease 
in  virulency.  Thus,  several  strains  retain  it  tenaciously  in  spite 
of  prolonged  residence  in  a  museum. 

Even  N.  N.  Vesternrik  (l)  attracted  attention  to  the  foot 
that  growing  the  plague  bacillus  with  restricted  access  to  oxygon 
lead  to  a  decrease  in  its  virulency.  This  observation  can  be  viewed 
as  a  phenomenon  related  to  a  change  in  the  type  of  respiration  of 
the  plague  bacillus.  Alteration  in  the  carbohydrate  metabolism, 
appearing  as  a  result  of  oxygen  deficiency  is  reflected,  undoubtedly, 
on  the  nitrogen  metabolism  of  the  plague  bacillus.  The  nature  of 
these  changes  has  remained  unknown,  but  they  lead  to  a  decrease 
in  the  virulency  of  the  strain. 

Rocfeenmacher  (139),  based  on  determinations  of  the  catalase 
ir\^1  virulent  11  ^virulent  strains  of  P.  pestis,  indicated 
that  the  catalase  content  is  considerably  higher  in  virulent  strains, 
concluded  that  there  is  a  possibility  of  using  the  catalase 
activity  index  as  a  preliminary  test  in  determining  the  virulency 
of  plague  bacillus  strains. 

S.  I.  Zaplatina  and  0.  Borodina  (llxO) ,  although  they  did 
not  find  differences  in  the  catalase  content  in  museum  virulent 
and  avirulent  strains  of  P.  pestis,  noted  however  that  the  passage 
of  virulent  strains  through  an  animal  organism  increases  simultaneously 
the  catalase  content  and  the  virulency. 
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The  authors  believe  that  in  addition  to  the  ability  of  the 
virulent  strain  to  exhibit  a  considerably  higher  catalase  activity 
the  avirulent  strain,  ths  criteria  for  differentiating  them 
in  vitro  as  described  by  Otten  do  not  exist.  The  authors  repeatedly 
purified  the  avirulent  strain  TJvidey  by  growing  it.  from  a  single 
cell,  and  then  cultivated  it  in  a  nutrient  medium  irradiated  by  X- 
ray  or  ultraviolet  rays.  The  testing  of  the  culture  was  carried 
out  by  intraperitoneal  injection  in  groups  of  20-£0  mice  with  doses 
of  1  x  10?  cells.  The  nice  wBre  observed  for  a  minimum  of  seven 
days.  Those  animals  which  had  perished  by  this  time  were  dissected., 
carefully  examined,  and  when  a  P,  pestis  culture  was  obtained  from 
them  it  was  introduced  at  the  same  doses  into  groups  of  20  mice. 

The  survival  of  the  animals  was  taken  as  evidence  of  the  avirulcncy 
of  the  mutant. 

Among  237  strains  tested  only  one  virulent  strain  was  found. 
The  question  remains  unanswered;  could  not  the  strain  in  question 
randomly  change  over  from  a  virulent  culture?  However,  such  a 
possibility  is  considered  improbable,  since  not  a  single  virulent 
strain  was  discovered  among  the  remaining  40  individual  colonies 
obtained  from  an  implantation  of  the  original  suspension  used  in 
the  experiment  for  infecting  50  mice. 


This  observation  allows  us  to  conclude  that  the  ratio  of  viru¬ 
lent  to  avirulent  cells  in  the  culture  was  less  than  1:40,  and  from 
other  experiments  described  in  the  same  study,  it  appears  probable 
that  this  ratio  is  of  the  order  of  1:1000  -  1:10,000, 


In  view  of  the  unsuccessfulness  of  efforts  to  discover  the 
mechanism  determining  virulency  in  P.  pestis,  Barrows  and  Bacon 
(142)  compared  the  behaviour  of  virulent  and  avirulent  strains  in 
vivo  and  in  particular  dealt  with  the  degree  of  resistance  of  the 
microbes  to  phagocytosis  by  polymophonuclear  leucocytes  in  the  abdominal 

In  setting  up  this  experiment,  before  injection 
of  the  microbes  under  examination,  leucocytes  were  mobilized  before¬ 
hand  by  intraperitoneal  injection  of  the  mice  by  wheat  starch. 

Initially,  the  degree  of  phagocytosis  of  the  virulent  and  the 

3'train3  V33  identical,  but  soon  the  virulent  strains  ex- 
Pr°SressivB  resistance  to  phagocytosis  and  by  the  end  of 
ml8  £r£^hvhom’  21?y-  entirely  to  be  enveloped  by  the  leucocytes. 

Jcrobes  manifested  here  a  rapid  multiplication  in  exudate, 
lhe  avirulent  cells  continued  to  be  enveloped  by  the  leucocvtes  and 

It  was  noted  that  the  enveloped  bacilli,  both  virulent  and  avirulent 
became  turbid,  were  pale  in  color,  and  no  longer  could  be  identified* 
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as  plague  bacilli.  The  virulent  bacilli,  isolated  from  the  nice 
after  a  five -hour  contact  with  the  peritoneal  exudate  in  vivo  were 
introduced  again  intraperitoneally  into  normal  mice.  In  this  instance 
the  bacteria  immediately  after  their  administration  were  not  swallowed 
up  by  the  leucocytes,  but,  upon  freeing  the  bacteria  from  peritoneal 
exudate  by  centrifuging  and  again  suspending  them  in  buffer  solution, 
the  authors  did  not  discover  differences  in  resistance  to  phagocytosis. 
This  circumstance  can  stem  either  from  changes  in  the  structure  of 
the  bacteria  or  from  the  removal  of  the  anti -opsonic  or  anti -phagocytic: 
factors  during  the  period  of  the  treatment  in  question:  it  was 
established  that  a  six-fold  washing  of  the  virulent  cells  with  the 
phosphate  buffer  also  reduced  the  force  of  their  resistance  to 
phagocytosis.  When  the  mice  were  given  a  second  dose  of  virulent 
cells,  isolated  from  agar  four  hours  after  injection  of  large  doses 
of  these  virulent  bacilli,  noticeable  phagocytosis  was  absent„  This 
compelled  the  conclusion  that  the  phagocytic  strength  of  the  leu¬ 
cocytes  becomes  extinguished. 

In  this  way,  it  has  been  possible  only  to  establish  that 
the  more  virulent  cells  are  more  resistant  to  phagocytosis, 
but  the  mechanism  determining  the  virulency  has  remained  unexplained. 

A  much  greater  clarity  in  understanding  the  mechanism  of 
virulency  has  been  possible  to  achieve  through  serological  and  chemical 
investigations  of  the  composition  of  the  membrane  protein  antigens 
in  virulent  and.  avirulent  strains  of  P.  pestis  (cf  chapter  "Chemical 
Composition  of  the  Plague  Bacilli  and  the  Characteristics  of  Their 
Antigens " ) , 
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TOXINS  OF  THE  HAGUE  BACIIiUS 


Plague  infection  is  a  bacterien&a  with  clearly  pronounced  in¬ 
toxication,,  increasing  simultaneously  with  the  multiplication  of 
bacilli  in  the  organism. 

The  existence  of  toxin  in  the  plague  bacillus  has  been  confirmed 
by  clinical j  pathologo-anatondcal,  and  experimental  data. 

The  resistance  of  laboratory  animals  to  plague  bacillus  toxins 
is  dissimilar.  White  mice  and  rats  are  most  sensitive  to  it;  guinea 
pigs  a.'id  rabbits  are  slightly  sensitive  to  these  toxins.  When 
cultivated  the  artificial  nutrient  media  the  virulency  of  the 
plague  i  aci  Lius  varies  to  a  lesser  extent  than  does  its  ability  to 
form  toxins.  A  plague  culture  which  has  been  freed  of  its  toxic 
property  acquires  them  again  upon  passing  through  the  organism  of 
a  susceptible  animal. 

• 

: filtrates  of  young  broth  culturings  of  the  plague  bacillus 
art;  :ior„3  toxic  than  old.  The  maximum  toxin-formation  occurs  by  the 
tc  -  !.gbth  week  of  culture  growth,  and  then  slowly  falls  off. 

'K''  h-c  l'0*j.ns  of  the  plague  bacillus  are  thermally  labile; 
boiling,  and  in  some  cases  warming  up  to  37°,  reduces  their  activity. 
.i.i>o  XormaUon  of  toxins  by  the  plague  bacilli  is  sharply  intensified 
mu, 1 1  the  col  Lure  .i.s  aerated.  In  this  connection,  the  role  of  cocvgenu 
apparent-  a  certain  extent  consist  of  increasing  the  intensity 

nwtab  j  i;'"  oJ  the  Plague  bacillus  and  to  increasing  its  biomssas. 

_  iv  has  not  been  possible  to  obtain  any  plague  bacillus 

'  ■-  ■'  0'lll£5  in  a  medium  in  the  form  in  which  it  was 

,  l  1  1  «  the  tetanus  bacilli.  In  this  connec- 

’  ;  ‘  *«as  often  been  made  that  plague  toxins  are  in 


in!,  .. 


stronger  combination  with  intracellular  substances.  The  main  argument 
in  favor  of  adopting  this  point  of  view  consist  of  the  observations 
that  toxic  properties  in  the  culture  appear  only  after  destruction 
of  the  cells. 

We  oppose  the  division  of  toxins  into  exo-  and  endo-toj&no 
in  the  previous  sense  of  this  word. 

This  does  not  mean  that  there  is  no  difference  in  how  strongly 
various  toxins  are  bound  up  with  cellular  substances.  Such  difference, 
exist  in  toxins  as  well  as  in  various  enzymes « 


At  present  enough  facts  have  been  gathered  that  support  the 
viewpoint  that  the  strongest  toxins  of  pathogenic  bacteria  must  be 
considered  an  enzymes  catalyzing  degradation  reactions,  not  char¬ 
acteristic  of  the  animal  organism,  with  the  formation  of  poisonous 
substances.  Only  under  this  condition  is  it  possible  to  explain 
the  high  activity  of  bacterial  toxins,  exceeding  by  a  thousand¬ 
fold  the  toxicity  of  the  most  powerful  chemical  poisons. 

Of  the  bacterial  toxins  produced  in  a  sufficiently  pure  form 
the  most  active  are  crystalline  preparations  of  the  botulism  toxin 
( 200  million  fatal  mouse  doses  per  one  mg  of  nitrogen)  and  tetanus 
toxin  (about  75  million  fatal  doees  for  mice  per  on©  mg  of  nitrogen) 

C lU3) .  Only  the  catalytic  action  of  these  toxins  can  provd.de,  in 
our  opiaion,  far  the  formation  of  a  sufficient  amount  of  the  poisonow? 
products  of  degradation  at  the  expense  of  the  animal  organism. 

However,  it  has  not  thus  far  been  established  what  specific 
processes  catalyze  these  most  powerful  toxins.  We  find  more  fruit¬ 
ful  results  in  the  explanation  of  the  catalytic  action  mechanism 
of  other  bacterial  toxins,  although  not  available  in  pure  form. 

Thus,  among  the  B,  perfringes  toxins,  the  most  active  hemolytic 
poison  is  lecitinaso  C,  energetically  splitting  lecitin  with  the 
formation  of  phosphocholin  and  di glyceride.  As  a  result  of  this 
reaction  intensive  destruction  of  the  cellular  membranes  of  the 
erythrocytes  and  hemolysis  occurs. 

Watanabe  (lljb)  in  studying  &he  appearance  of  60  strains  of 
dysentery  bacilli  belonging  to  Schigella  flexneri,  established  that 


almost  all  strains  contained  the  decarboxylase  of  the  following  1- 
asdno  acids t  histidine,  arginine,  lysine,  ornithine,  and  glutamic 
add.  Using  the  paper  chromatography  method  tills  author  demonstrated 
the  formation  by  the  cells  in  question  of  the  corresponding  wMLnas: 
hlstamin,  agmatlne,  cadaverine,  putrescine,  and  <£.-  amino-butyric 
•dd# 


Consequently,  the  toxins  of  dysentery  bacteria  if  not  com¬ 
pletely,  then  to  a  substantial  extent  are  amino  acid  da  carboxylic  t  , 
catalysing  in  the  organism  tbs  formation  of  such  powerful  poison.*! 
as  hlstamin,  putresdne,  cadavarine,  etc* 

As  far  as  the  nature  of  the  pathogenetic  factors  of  the  plague 
bacillus,  it  should  he  noted  that  along  with  the  toxins  (or  toxin) 
of  complex  structure,  characteristic  of  enzymes,  this  bacillus  also 
forma  sisg>ly  alien  nonspecific  poison  substances.  These  include 
many  products  of  degradation  of  the  plague  bacillus. 

The  nature  of  the  nonspecific  poisonous  substances  of  the 
plague  badllus  evidently  ia  varied,  but  they  are  all  characterized 
by  the  absence  of  the  ability  to  he  neutralized  by  a  specific  serum. 

During  its  growth  the  plague  bacillus  brings  about  a  sharp 
increase  in  the  pH  of  the  median.  The  maximum  accumulation  of  alkali, 
formed  by  the  plague  badllus,  lias  within  the  sixth  and  eighth 
week.  This  shift  in  the  medium  reaction  1b  caused  mainly  by  the 
accumulation  in  it  of  asnonia  and,  probably,  amLnes,  as  established 
by  K.  I.  Cherkasova  (11j5),  Ammonia  was  detected  not  only  in  broth 
madia  but  also  in  such  tcoCLc  products  as  the  solution  of  both  "membrane 
antigen".  Analysis  of  the  latter  showed  that  in  individual  case3  up 
to  3$  of  all  the  nitrogen  is  found  in  the  ammonia  portion. 

Simultaneously  with  an  increase  in  the  pH  of  the  medium  for 
several  strains  of  tbs  plague  bacillus  the  appearance  of  a  nitrify¬ 
ing  ability  whose  intensity  depends  apparently  on  the  medium  com¬ 
position,  on  its  oxygen  content,  and  on  several  other  factors. 

Formation  of  ammonia  by  the  plague  bacillus  takes  place  not 
only  in  vitro,  but  also  in  vivo.  Indications  to  this  effect  are 
found  in  the  studies  of  N.  N.  Ivanovskiy,  Ye,  M.  Gubarev,  and  D.  A. 
Golov  (ll*6) .  In  their  study  of  experimental  plague  in  guinea  pigs 
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they  established  that  the  residual  nitrogen  in  the  blood  is  increased, 
occurring  simultaneously  with  the  severity  of  the  affection  and  of 
importance  for  the  prognosis  of  the  disease.  This  increase  stems 
from  the  urea  fraction,  determined  along  with  ammonia  (lU7). 

Ammonia,  and  also  products  genetically  related  to  it  <—  nitric 
acid  and  hydroxyls  —  belong  among  the  physiologically  active  sub¬ 
stances.  Animal  organisms  are  more  sensitive  to  ammonia  than  are 
plant  organisms.  The  nervous  system  is  especially  sensitives  ammonia 
acts  on  it  as  a  powerful  exciting  poison.  Ammonia  possesses  hemoly- 
sing  properties. 

N.  H,  Ivanovskiy  suggested  that  the  main  pathogenetic  role 
in  plague  belongs  to  ammonia  which  is  formed  by  the  causative  agent- 
in  the  organisms  of  animals  susceptible  to  this  affection.  The 
main  source  of  ammonia  is  the  fermentive  decomposition  of  urea  and 
partly  of  glutamine  and  asparagine. 

In  the  organisms  of  animals  the  plague  bacillus  is  lyaad, 
releasing  into  the  surrounding  environment,  in  addition  to  toxins 
of  unknown  chemical  nature,  several  enzymes  including  urease,  which 
in  vitro  is  easily  detected  in  several  strains  of  P.  pestis,  and  in 
others  it  is  probably  adaptively  formed  in  vivo. 

With  the  participation  of  the  enzyme  mentioned  a  large  quan¬ 
tity  of  ammonia  is  formed. 

Urease  is  a  most  powerful  toxin  for  mammals.  For  rabbits  a 
toxic  action  has  been  recorded  for  injections  of  doses  containing 
0,03-0.05  mg  of  crystalline  urease,  used  for  immunization  aimed  at 
obtaining  the  anti -enzyme  (l)j8) „  Higher  doses  can  cause  fatal 
poisoning  of  these  animals.  It  is  interesting  that  after  a  60-d ay 
immunization  rabbits  can  endure  more  than  1,000  fatal  doses  of 
crystalline  urease. 

It  is  possible  that  there  is  a  certain  relationship  between 
sensitivityto  urease  in  various  animal  species  and  their  suscepti¬ 
bility  to  the  plague. 

Actually,  tests  of  un.pur3.fiod  urease  preparation  (extract 
from  spy  beans)  on  animals  susceptible  to  the  plague  showed  that, 
the  most  sensitive  to  urease  is  the  yellow  marmot.  Guinea  pigs 


are  more  resistant  to  urease.  The  small  marmot  and  the  burrowing 
sandwort  /grebenshchikovaya  peschanka7  is  characterized  by  approxi¬ 
mately  the  sane  sensitivity  to  urease,  but  in  general  less  than  the 
noontime  sandwort. 

The  pathologo-anatomical  picture  of  all  rodents  succumbing 
from  vegetative  urease  corresponds  in  the  main  features  to  plague 
intoxication.  The  common  features  include  numerous  hemorrhages, 
mucous  discharge,  swelling  of  liver  and  spleen,  injections  of  sub¬ 
cutaneous  vessels,  and  the  character  of  the  dystrophic  changes  in 
the  internal  organs.  Necrotic  nodules  in  the  liver  and  the  spleen 
arc  absent B 

In  a  histological  investigation  of  changes  in  the  internal 
organs  of  white  mice  poisoned  by  ammonia  and  by  "plague  toxin" 
(membrane  antigen),  substantial  features  of  similarity  were  dis¬ 
covered.  Thus,  in  the  lungs  a  thickening  of  the  interalveolar 
partitions  due  to  the  multiplication  of  cellular  elements  was 
discovered,  blood  was  contained  in  the  clearances  of  the  alveoles 
(blood  discharge);  in  the  liver  ~  the  parenebymatose  elements  were 
greatly  swollen,  the  boundaries  between  them  could  not  be  distin¬ 
guished,  and  the  centers  ware  pale,  and  frequently  swollen.  In 
several  instances  a  rough  basophilic  graininess  was  discovered. 
Frequently  binuclear  liver  cells  were  found.  The  inner-lobular 
capillaries  were  filled  with  blood. 

When  animals  are  poisoned  by  ammonia  and  by  the  plague 
bacillus  toxin  sometimes  in  the  rryocardia  and  other  times  in  the 
kidneys  dystrophic  changes  have  been  observed  in  the  cellular 
elements:  graininess  of  the  kidney  epithelium  protoplasm,  dis¬ 
appearance  of  the  transverse  striation  in  the  muscular  fibers  of 
the  heart,  presence  of  hemorrhages  in  the  kidneys  and  in  the 
rryocardia.  hyperplasia  of  the  follicular  apparatus  has  been 
noted  in  the  spleen  with  great  constancy,  manifested  to  differing 
degrees . 


In  the  action  of  the  plague  toxin  in  particular  instances 
hemorrhaging  has  struck  the  follicules  themselves. 

Ammonia  and  the  toxins  of  the  plague  bacillus  affect  to  vary¬ 
ing  degrees  the  parenchymatose  elements  of  the  internal  organs, 
causing;  dystrophic  changes  in  them,  and  on  the  vascular  wall,  owing 
to  which  hemorrhages  form  in  several  organs. 


The  similarity  of  the  toxin  action  of  ammonia  and  of  the  plague 
toxin  has  been  confirmed  also  by  the  presence  in  both  instances  of 
binuclear  liver  cells  and  the  phenomenon  of  hyperplasia  of  the 
follicular  apparatus  of  the  spleen. 

That  urease  of  pathogenic  microbes  leading  to  the  accumula¬ 
tion  of  enormous  quantities  of  anmonia  in  the  blood  and  in  the 
tissues  is  of  essential  importance  during  the  course  of  the  disease 
is  shown  by  the  following  facts,  pertaining  to  another  affection 
—  brucellosis. 

In  their  experiments  Bonaduce  and  Qrlandella  (lh9)  established 
that  all  types  of  brucelli  contain  significant  quantities  of  urease, 
degrading  urea  when  these  microbes  are  cultivated  in  nutrient  media. 

Ie«  K.  Gubarev,  Grabenko,  Gralayev,  end  Kobzar*  (lli7)  estab¬ 
lished  that  for  persons  suffering  from  brucellosis  a  sharp  increase 
in  the  amount  of  ammonia  in  the  blood  corresponding  to  the  severity 
of  the  clinical  manifestations  of  the  disease  has  been  observed. 

But  even  in  instances  of  the  sluggish  progress  of  the  infection  the 
amount  of  ammonia  in  the  blood  is  increased  several  times  above  the 
normal  level. 

The  authors,  taking  into  account  the  data  of  N.  N.  Ivanovskiy 
on  the  significance  of  anmonia  intoxication  for  experimental  plague 
of  guinea  pigs,  used  subcutaneous  injections  of  $%  aqueous  solutions 
of  glutamic  acids,  (5-10  ml  per  day)  with  the  simultaneous  admin¬ 
istration  of  3$  ATP  solution  (1  ml  per  day,  to  bolster  the  synthesis 
glutamine)  aimed,  at  treating  brucellosis.  As  a  result  of  a  ten- 
day  treatnent  a  decrease,  sometimes  down  to  the  normal,  of  the 
amount  of  ammonia  in  the  blood  was  observed  in  the  patients  with  a 
parallel  decrease  or  disappearance  of  the  clinical  symptoms  of  the 
affection;  high  temperature,  pains,  tendency  to  perspire,  etc. 

A.  I,  Zheltenkov  (l5o)  emphasized  that  the  biological  activity 
of  "membrane  antigen")  decreases  sharply  under  the  influence  of 
high  temperatures ,  calcium  chloride,  alums,  alcohol,  and  formaldehyde. 
Based  on  this  ho  proposed  the  protein  character  of  the  toxic  sub¬ 
stance  of  "membrane  antigen."  The  chemical  analysis  of  the  antigen 
confirmed  the  presence  of  protein  in  amounts  not  exceeding  approx¬ 
imately  0.3-0  At  the  same  time  individual  batches  of  "membrane- 
antigen"  exhibited  a  clearly  pronounced  ability  to  do compose  urea 
with  the  formation  of  ammonia. 
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Investigations  carried  out  on  -white  mice  showed  that  treating 
the  membrane  antigen  with  substances  inactivating  urease  (iodine, 
formaldehyde,  protargol)  was  accompanied  by  the  loss  or  a  decrease 
in  toxic  properties. 

The  investigation  of  Englesberg  and  levy  (l3l)  was  devoted 
to  studying  the  formation  of  the  plague  bacillus  toxin.  They  noted 
that  the  growth  of  the  EZ-76  strain  in  a  glucose -mineral  rodium 
containing  casein  hydrolysate  at  30°  is  characterized  by  the  maxi¬ 
mum  yield  of  cells  (3.6  x  10?  per  1  ml  after  two  days  of  cultiva¬ 
tion).  Then  a  massive  lysis  of  the  cells  took  place.  The  plague 
toxin  entered  the  medium  during  the  lysis  and  subsequently,  reaching 
a  maximum  on  the  seventh  day  of  culture  growth.  This  entry  of  the 
toxin  into  a  nonprotein  medium  during  its  growth  is  the  simplest 
method,  previously  underestimated,  for  obtaining  a  relatively  pure 
toxin.  The  latter  was  obtained  from  the  centrifugate  (in  the  cold) 
of  a  seven-day  culture  precipitate  at  100°  saturation  of  ammonium 
sulfate,  dialysis  at  3°,  and  by  lyophilization.  The  toxin  contains 
one  mouse  DL-£o  per  l.lj-1.8  g  of  substance  with  a  yield  of  0.83 
g  per  one  1  of  medium. 

It  withstands  storage  without  loss  of  toxicity  for  many 
months  in  the  cold  in  a  vacuum-desiccator.  The  powder  is  readily 
soluble  in  a  physiological  solution,  yielding  a  solution  amber  in 
color.  It  contains  10.8-11.63  nitrogen,  decomposing  when  heated, 
and  rendered  harmless  with  formaldehyde.  Of  the  two  strains  EV 
76  and  A -1122  compared  (both  avirulent)  the  latter  yielded  the  toxin 
one -fourth  and  one -eighth  times  as  much,  respectively,  at  30  and  370 
when  grown  in  the  above  indicated  medium.  The  strain  EV  76  initially 
did  not  grow  at  370,  but  a  mutant  of  this  strain  was  obtained,  which 
grew  well  at  37°,  using  the  same  yields  of  cells  and  toxin  as  the 
original  strain. 

IT.Uomcr  and  Robbins  (132)  presented  unpublished  data  of 
Ileyer,  Moyer,  and  Pillemer  on  obtaining  from  p.  pestis  cells  a 
purified  toxin  of  exceptionally  high  activity.  The  toxin  was  ob- 
t'd  ied  in  the  following  manner:  a  strongly  toxigenic,  avirulent 
strain  of  plague  bacillus  was  grown  in  hormonal  agar  at  28°  for 
seventy  t  ;o  hours.  The  cells,  washed  free  of  agar  with  a  physio¬ 
logical  solution,  wore  precipitated  from  a  suspension  by  two  volumes 
oC  .  t  Y<)n,  washed  with  acetone  at  low  temperature,  and  dried 
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vacuum..  This  powder  was  twice  extracted  with  a  2.5%  neutral  so¬ 
lution  of  sodium  chloride  at  U°  centrifuged,  and  from  the  resulting 
extract  the  toxin  was  isolated  by  means  of  fractionation „ 

Purification  of  the  toxin  consisted  in  precipitating  it  from 
its  water-salt  extract  with  a  hO°  solution  of  methanol  temperature 
of  5°,  pH  *  5*5,  and  an  ion,  concentration  of  0.23.  Impurities 
contaminating  the  toxin  were  removed  with  a  subsequent  precipitation 
at  a  temperature;  of  0®,  pH  =  5.0,  and  ion  concentration  equal  to 
O.Oiw  The  toxin  was  reprecipitated  at  a  temperature  of  -5°,  ion 
concentration  s  0.0I4.,  and  pH  -  I4..7  in  i+0®  methanol.  Then  the 
impurities  were  removed  again  at  0°,  ion  concentration  =  O.OU,  and 
pH  »  1 +.9.  The  last  reprecipitation  of  tho  toxin  was  carried  our. 
at  0°,  ion  concentration  =  0.21,  pH  =  I4.0.  As  a  result  of  dialysis 
against  distilled  water  the  last  precipitate  was  freed  of  about  30° 
nitrogen  substances. 

The  dialyzed  solution  of  the  toxin  contained  0.5%  protein 
and  70,000  mouse  DL£o  per  one  ml  or  86,000  DI^o  per  one  mg  of 
nitrogen.  This  is  the  most  powerful  toxin  that  has  been  obtained 
anywhere  from  gram-negative  bacteria.  Analysis  of  the  purified 
toxin  showed  a  13.14%  nitrogen  content,  19%  carbohydrates,  2.5% 
phosphorus,  1.5%  sulfur,  but  the  electrophoretic  method  established 
that  the  toxin  was  not  uniform. 

It  is  possible  that  the  success  in  obtaining  3uch  an  active 
toxin  depended  on  the  selection  of  the  appropriate  avirulent  P0  pestle 
strain  with  high  toxigenicity. 

The  studies  published  by  various  authors  on  the  P.  pestis 
toxin  are  characterized  by  a  description  of  extremely  dissimilar 
aspects  of  this  poison’s  action.  Under  such  conditions  we  are 
forced  to  conclude  that  the  substances  involved  ore  not  the  gaimi5 
that  is,  the  plague  bacillus  forms  several  toxins,  in  addition  to 
several  toxic  substances  not  exhibiting  antigenic  properties  0 

Goodner  established  the  interesting  fact  (l53)  that  the  toxicity 
of  filtrates  of  plague  culture  in  a  certain  sense  differ  sharply 
from  the  filtrates  of  other  pathogenic  bacteria.  Tho  action  of 
surface -active  substances  on  bacterial  toxins,  as  is  'mown,  either 
causes  destruction  of  partial  inactivation  of  the  toxin*  As  examples 
we  can  cite  the  detoxifying  action  of  alkali,  salts  of  the  higher 
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fatty  acids  on  the  diphtheria  toxin.  Free  bile  acids  (cholic,  desoxy- 
cholic,  and  lithocholic) ,  but  not  their  binary  compottads  with  glycocol 
and  taurine,  are  powerful  detoxinizlng  agents.  The  effect  of  these 
acids  is  increased  upon  the  reducing  the  number  of  hydroxyl  groups 
in  the  bile  acid  molecule.  Thus,  desoxycholic  acid  is  fifteen  times, 
more  powerful  in  detoxifying  diphtheria  toxin  than  is  cholic  acid. 

Completely  contradictory,  that  is,  not  inactivating  but 
fortifying,  action  has  been  discovered  for  desoxycholic  acid  on 
the  toxic  filtrate  of  plague  culture.  This  fact  is  at  present 
the  only  example  of  the  activating  effect  of  bile  acids  on  bacterial 
toxins . 


Pannel  (l$U)  tested  the  action  of  several  surface -active 
substances  on  nonce llular  filtrates  of  the  avirulent  P.  pestis  strain 
EP76.  It  was  shown  that  of  the  substances  tested  all  the  anionic  ~ 
for  example,  desoxycholate ,  laurylsulfate  —  intensify  the  toxicity 
of  the  filtrates  Sbr  white  mice. 

Of  the  cationic  substances  several  —  for  example,  cetyl- 
trimethylammonium  chloride  —  also  increase  the  toxicity  of  fil¬ 
trates,  while  others  —  for  example,  lquryldimethyl-benzyl -ammonium 
chloride  —  did  not  have  an  effect  on  toxicity.  Finally,  non¬ 
ionizing  substances,  such  as  the  oleate  ester  of  polymerized 
polyethyleneglycol,  do  not  affect  toxicity. 

A  more  detailed  study  of  the  effects  of  desoxycholic  acid 
on  the  toxins  of  the  avirulent  P.  pestis  EV  76  strain  has  revealed 
the  following  (l55)»  Frequent  of  these  microbes  vrith  sodium  des- 
oxycholate  caused  a  lysis  of  the  cells  with  the  release  of  high 
toxicity  substances.  Taking  as  a  unit  the  amount  of  toxin  con¬ 
tained  in  one  billion  cells,  it  was  established  that  after  a 
15-hour  treatment  at  )|°  and  a  desoxycholate  concentration  of  0.5  and 
2.5$  under  the  same  conditions.  Toxicity  was  increased  by  a,  re¬ 
spectively,  by  33  and  by  70  times.  But  if  the  increase  of  toxicity 
here  can  derive  from  the  intensified  lysis,  which  develops  more 
slowly  in  calls  introduced  into  iti.ee  without  the  preliminary  des- 
oxycholalo  treatment,  then  moreover  analogous  of  the  bile  acid  on 
the  fn  Its’.- of  a  culture  obtained  through  the  Berlcefeld  candle 
has  been  sbi  :  Such  a  filtrate,  containing  before  the  desoxycholate 

treatiujnl  ■>  units  of  toxin  per  one  billion  cells,  following  an 
hour1!  t'  ■  at  .nth  the  equal  volume  of  a  1$  sodium  desoxycholate 

solution  d  i  -  or’  temperature  was  found  to  contain  16  units  of 
•toxin  „ 


Heating  the  filtrate  of  the  P.  pestis  culture  for  30  ndnctea 
at  a  temperature  of  670  leads  to  a  complete  destruction  of  two  antigen 
specific  toxins  present  in  solution.  But  the  same  •warmed  filtrate 
following  the  desoxycholate  treatment  is  found  to  exhibit  high 
toxicity,  Gunder,  Parmer,  Bartel,  and  Rothstein,  (l55)  suggested 
that  in  addition  to  formed  toxins,  culture  filtrates  contain  also 
a  firmly  stable  protoxin,  activated  by  bile-acid  salts. 

Of  unquestioned  interest  is  a  comparison  of  several  toxins 
of  P.  pestis  and  P,  pseudotuber culosis.  Schar  and  Thai  (156) 
obtained  plague  toxin  from  the  avirulent  EV  76  strain  following 
seven-day  cultivation  in  a  glucose -mineral  medium  containing  casein 
hydrolysate  at  20°.  The  culture  liquid  following  this  was  salted 
out  at  100°  saturation  of  ammonium  sulfate,  the  precipitate  wa3 
dissolved  at  36%  saturation  by  this  salt  and  the  toxin  was  again 
precipitated  at  7<$  saturation.  The  preparation  of  plagus  toxin 
as  shown  by  electrophoresis,  is  a  nonuniform  protein. 

Pseudotubercular  toxin  was  isolated  from  the  toxin  strain 
105/3  and  also  from  two  nontoxic,  but  virulent  strains  lU/l  aad 
I6/2.  All  three  strains  were  grown  for  two  days  in  the  hormonal 
agar  of  Hanfcun  at  37°.  P.  pseudotuberculosis  cells,  killed  with 
toluence,  were  washed  with  an  0.955  solution  of  sodium  chloride  and 
extracted  by  a  mixture  of  phosphate  buffer,  with  a  pH  of  7»5  and  '\% 
bicarbonate  of  soda. 

Pseudotubercular  and  plague  toxins  are  inactivated  by  a 
60-minute  heating  at  60°  and  are  readily  converted  into  anatoxins 
with  formaldehyde.  All  the  toxins  tested  exhibited  high  toxicity 
for  mice  and  rats,  but  only  the  pseudotubercular  toxins  proved 
to  be  active  for  guinea  pigs  and  rabbits.  For  the  plague  bacillus 
toxin  rabbits  and  guinea  pigs  exhibited  high  tolerance. 

The  nature  of  the  action  of  tho  toxins  of  the  plague  and 
the  pseudotubercular  bacilli  differs.  Under  the  influence  of 
the  P.  pestis  toxin  clotting  of  the  blood  and  a  drop  in  arterial 
pressure  was  observed  in  rats.  These  symptoms  are  not  produced 
in  rats  by  the  toxins  of  P.  pseudotuberculosis.  The  specific  anti¬ 
toxic  serum  in  proportional  amounts  completely  neutx-alized  the 
pseudotubercular  bacillus  toxins  in  vitro  and  in  vivo.  But  the 
P.  pestis  toxin  only  partially  is  neutralized  by  its  specific 
antitoxic  serum.  The  overlapping  neutralization  of  the  toxins  of 
P.  pestis  and  P.  pseudotuberculosis  by  their  antitoxic  serums  has  not 
been  observed  /S oe  Note/. 
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C^OTE?  Adzhel,  Ryudal,  Darram,  Warren,  and  Wally  (J.  Bactor- 
iol. ,  1955»  JO,  No  2,  158-176)  described  in  detail  a  method  for 
obtaining  ond  purifying  the  toxin  of  plague  bacteria,  both  virulent 
and  avirulenb*  Starting  With  the  salt  extract  of  the  acetone  pre¬ 
paration  of  the  bacteria,  the  authors  successively  used  the  follow¬ 
ing  methods  for  fractionating  the  protein  mixtures:  salting  out 
at  increasing  stages  of  saturation  by  (NHi^gSG^  repeated  isoelectric 
precipitation,  removal  of  nucleoproteins  by  using  I5hC12,  precipita¬ 
tion  by  increasing  quantities  of  methanol  adsorption  on  a  calcium 
phosphate  gel  with  subsequent  elution,  precipitation  by  ammonium 
sulfate  at  the  isopoint  and  the  preparative  electrophoresis  with 
convection,  the  resultant  toxin  was  electrophorotically  uniform. 

The  fallowing  were  determined:  solubility,  electrophoretic  mobility 
(7  x  .10*5  cm?/sQo)  and  the  following  constants:  diffusion  (3«h3 
x  lO-?  cm2/sec),  sedimentation  (S^q  a  2.73  x  10 -A3) }  molecular 
Wight  about  70*000j  N  «  P  -  0.2$,  S  -  1,9$.  Chromatographic 

analysis  revealed  twelve  lcnown  and  three  unknown  amino  acids.  Toxi¬ 
city  for  mice  is  as  follows:  ID^c  (vitro)  —  one  millimicron,  A 
good  antigen,  it  is  distinctive  in  its  specificity  both  from  the 
capsule  as  well  as  from  the  somatic.  -  ED.) 


HEMOLYSIN  QF  TIE  PLAGUE  BACILLUS 
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The  widely  known  ability  of  the  plague  bacillus  to  cause 
hemolysis  is  of  considerable  interest  from  the  point  of  view  of 
the  analysis  of  its  pathogenetic  factors,  as  shorn  by  Ye.  I. 

Korobkova  (15>7)« 

Hemolysins  are  very  widespread  among  pathogenic  mj.croorgan.isms 
Several  anj.mals  also  are  capable  of  elaborating  hemolytic  toxins 
with  very  high  activity.  Included  among  these  animals  are  many 
species  of  snakes,  scorpions,  bees,  and  others.  However,  the  study 
of  the  character  of  animal  and  bacterial  hemolysins  has  uncovered 
an  essential  difference  between  them. 


The  hemolytic  poisons  of  animal  origin  possess  the  activity 
of  lecitinase  A,  cleaving  only  a  group  of  an  unsaturated  fatty 
acid  from  the  molecules  of  the  lecitins  and  cephalins  with  the 
formation  of  lysolecitins  and  lysocephalins.  The  latter  are 
essentially  hemolysins . 


Bacterial  hemolysins  in  several  cases  ore  included  in  the 
lecitinase  C  group.  These  enzymes  cleave  lecitins  with  theibrmatloo 
of  phosphocholin  and  diglycerideo  of  fatty  acids.  Both  'the  cleavage 
products  mentioned  do  not  e:diibit  homolytic  acid.  Hemolysis  here, 
occurs  due  to  the  degradation  of  the  lecitins  of  erythrocytes,  in 
which  they  are  structurally  important.  Included  among  'the  lecitinase 
C  is  alpha-toxin  B.  porfringona  heraolyaing  only  in  the  presence  of 
calcium  ions.  This  hemolysin  attacks  erythrocytes  of  many  animals, 
with  the  exception  of  goats  and  nor  3  c  3  «  However,  for  moot 

hemolysins  of  bacteria  not  included  among  the  lecitinase  C  group, 


the  mechanism  of  hcmolyzing  action  has  not 


the  del'ta-to:ci.n  of  the  same  cel.  Is  of  B„  per  fringe  ns  is  a  hemolysir 


only  for  erythrocytes  of  artiodactyla  animals.  Tills  enayme  is  not 
activated  by  Ca^r  ion  and  the  mechanism  of  its  action  has  not  been 
explained. 

Also  inadequately  studied  is  the  mechanism  of  the  action 
of  pneumococcal,  staphylococcal,  and  other  bacterial  hemolysins. 

The  plague  bacillus  exhibits  hemolytic  properties,  but 
they  are  considerably  weaker  than  in  other  bacteria  3pecies.  Hemolysin 
is  discovered  in  the  filtrate  of  a  broth  culture  and  in  the  autolyrc: 
of  agar  culturings. 

Hemolysin  forms  slowly,  during  the  growth  of  a  P.  pestis 
culture  and  readily  diffuses  into  the  surrounding  environment.  The 
hemolysin  of  the  plague  bacillus  is  comparatively  resistant  to  heat 
and  is  destroyed  only  at  100°. 

It  is  probably  that  is  is  a  low-molecular  substance,  rapidly 
diffusing  into  a  gel  and  losing  its  properties  when  heated  to  100°. 
Apparently,  the  hemolytic  properties  of  the  plague  bacillus  to  a 
considerable  extent  depend  on  volatile  bases,  which  are  formed 
during  the  process  of  the  life  activity  of  the  microorganism  or 
during  its  autolysls*  Of  the  bases  formed  fcy  the  plague  bacillus, 
one  must  keep  in  mind  first  of  all  ammonia,  whose  presence  in  the 
culture  has  been  demonstrated  by  studies  of  various  authors,  and 
volatile  amines,  which  also,  probably,  are  formed  during  the  growth 
of  P.  pestis.  Ammonia  and  amines  exhibit  sharply  pronounced  ability 
to  effect  hemolysis,  in  which  the  intensity  of  their  hemolytic  action 
depends  on  the  extent  of  dissociation  cf  the  bases.  The  maximum 
hemolytic  effect  occurs  when  the  medium  shows  an  alkaline  reaction, 
in  which  the  bases  are  found  to  a  large  extent  in  an  undissociated 
state.  The  substances  indicated,  as  a  consequence  of  their  ready 
solubility  in  lipoids,  easily  penetrate  into  erytlirocytes,  causing 
by  this  action  the  destruction  of  the  stromes  and  the  transfer  of 
hemoglobin  into  the  surrounding  environment.  It  must,  however,  be 
noted  that  ammonia  and  amines  destroy  not  only  red  blood  cells,  but 
ary  also  a  poison  for  all  cells  and  other  tissues  of  the  organism 
including,  of  course,  also  for  the  central  nervous  system.  Apparently, 
specifically  in  the  attack  on  the  central  nervous  system  iy  the 
volatile  bases  —  products  of  the  life  activity  of  the  plague  bacillus 
~~  must  be  sought  an  e;cplanation  for  blindness  and  the  rapid  death 
of  rats,  noted  in  the  experiments  of  Ye.  I.  Korobkova  (IS?)  when 
she  tested  the  to:dcity  of  the  filtrates  of  broth  cultures  exliibiting 
homely?.;! ng  properties. 
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These  observations,  favoring  the  nonspecific  nature  of  the 
hemolysin  of  the  plague  bacillus,  must  be  supplemented  by  compara¬ 
tive  biochemical  data*  As  is  well  known,  the  P.  pseudotuberculosis 
analogously  with  the  plague  bacilli  also  exhibits  hemolytic  properties., 
However,  destruction  of  erythrocytes  by  products  of  the  life  activity 
of  the  latter  species  of  microorganism,  at  least  when  grown  in  a 
liver  agar  of  the  Boyl*ya  type,  is  noted  even  by  the  second  day, 
whereas  for  the  plague, bacillus  the  initial  phase  of  hemolysis  can 
be  detected  not  sooner  than  the  fourth  or  fifth  day  of  the  culture 
growth.  This  phenomenon  becomes  understandable  if  it  is  remembered 
that  P.  p3Gudotuberculosis  alkaliniaes  the  medium  more  rapidly  than 
does  P.  pestis*  Vacuum  distillation  of  the  volatile  substances  from 
a  broth  culture  of  the  plague  bacillus  that  has  been  alkalinlzed  by 
sodium  hydroxide  can  free  it  from  "hemolysins",  which  are  driven  off 
in  the  distillate.  Prom  the  distillate  ammonia  can  be  separated 
and  identified.  A  broth  culture,  concentrated  under  vacuum, 
freed  in  this  way  of  its  hemolytic  properties,  partly  loses  its 
toxicity  for  animals.  Thus,  there  is  a  certain  parallelism  between 
the  hemolytic  ability  of  the  plague  bacillus  and  the  toxicity  exhibited. 
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BACTERIOPHAGE  GF  THE  PLAGUE  BACILLUS 


Pages  114-120 


In  spite  of  the  fact  that  the  bacteriophage  of  the  P,  pestis, 
described  by  d*  Sr  ell  2$  years  ago  and  subsequently  by  li.  P.  Pokrovska, 
has  been  shown. to  be  a  very  powerful  factor  in  the  variability  of 
the  plague  bacillus >  thus  far  sizable  successes  have  not  been 
obtained  in  the  study  of  this  phage.  Nonetheless  the  established 
fact  to  the  variability  of  several  strains  under  the  influence  of  . 
the  phage  has  served  as  a  foundation  for  a  conclusion  by  N.  N. 
Zhukov-Verezhnikov  et  al  (15>9)  on  the  conversion  of  the  plague 
bacillus  into  another  species  of  bacteria. 

The  action  of  bacteriophage  is  often  characterized  by  an 
incon^lete  destruction  of  cells,  Lyzed  cultures  after  some  time 
yield  "seondary  growth".  This  situation  destroyed  to  a  considerable 
degree  the  hopes  of  the  first  researchers  on  the  bacteriophage  of 
using  phages  as  powerful  specific  agents  in  the  treatment  of  in¬ 
fective  diseases. 


The  reaction  of  the  plague  bacteriophage  causing  profound 
changes  in  the  properties  of  the  bacillus  detected  in  the  secondarily 
growing  cultures  has  also  served  as  grounds  for  a  liypothesis  on 
the  conversion  of  P,  pestis  into  another  already  existing  species 
that  is  similar  to  it  —  P,  pseudotuberculosis. 


We  will  dwell  briefly  on  the  investigations  which  have  illu¬ 
minated.  the  main  problems  of  the  biochemistry  of  the  bacteriophage, 

he  recommend  the  monograph  (l60)  and  the  article  (l6l)  of 
Kvuiis  r,"  f:\uvcys  of  the  biocliemistry  of  phages. 


. i o  < ;t r on-;  r.L cr os c opi c  study  of  the  coli -phages  of 
Tp  -  T?  1  revealed  differences  in  their  form  and  size, 
present  >  ’wr.:  boon  established  for  all.  these  types. 


one  types 
At 

similar 
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to  spermatozoids .  The  diameter  of  the  head  ranees  within  the  limits 
of  from  millimicrons  (T3)  to  90  millimicrons  (Tc;) ,  and  the  tail 
dimensions  —  120  x  10  millimicrons  (Tp)  and  170  x  millinicronft 
(T5) •  'Hue  molecular  weight  of  the  particles  is  very  high:  thus, 
for  the  nucleoproteids  is  equal  to:  2 U6  x  10®  -  384  x  10®. 

Coliphages  constitute  four  different  immunological  groups.  For  the 
T2  phage  the  presence  of  two  different  (head  end  tail)  antigens 
was  shown.  The  chemical  composition  of  coliphages  are  characteriz¬ 
ing  by  a  predominant  nucleoproteid  content  with  a  small  amount  of 
lipids  and  carbohydrates ,  Deosayri.bonncleic  acid  (DM),  of  the  nucleic 
acids,  is  chiefly  in  evidence  —  about  90#  —  but  ribonucleic  acid 
(RNA.)  is  also  present  in  small  quantities,  although  several  researchers 
have  suggested  that  the  latter  is  an  impurity  entering  the  prepara¬ 
tions  from  bacteria.  The  amLnoacid  composition  of  the  virus  proteins 
is  similar  to  that  of  the  bacterial  cell -host.  In  bacteria  RNA. 
clearly  predominates,  representing  around  50#  of  the  mass  of  the 
entire  cell,  whereas  DNA  is  contained  in  cells  in  quantities  equal 
to  11-22# . 


Three  phases  are  distinguished  in  the  action  of  a  phage 
on  bacteria: 


1)  adsorption  of  the  virus  by  the  bacterial  cell;  2)  its 
introduction  into  the  cellj  3)  lysis  of  the  bacterial  cell  with 
the  liberation  of  newly  formed  virus  particles. 

In  the  first  phase  of  the  adsurptional  union  of  the  phage  to 
the  cell,  break  down  of  the  virus  particles  and  liberation  of  DNA 
occurs,  proceeding  evidently  without  the  participation  of  the  enzyne 
systems  of  the  cell,  inasmuch  as  this  process  can  occur  in  killed 
cells . 


A  second  phase  of  the  action  of  the  phage  commences,  when, 
according  to  the  data  of  Hershey  and  Chase  (162),  DMA  liberated  by 
the  phage  particles  is  enclosed  in  the  bacterial  cells,  while  the 
protein  membrane  of  the  phage  remains  bound  outside  the  cell  and 
can  be  liberated  by  simple  agitation  of  the  infected  material  with¬ 
out  affecting  its  later  stages  of  virus  reproduction. 

Of  the  greatest  interest  for  the  characteristics  of  the 
third  phase  of  phage  action  (multiplication  of  the  phage  and  lysis 
of  the  cell)  are  the  investigations  of  Putnam  and  ICozloff  (1 63) 
on  the  hp  coll  cc 11s ,  infected  with  the  T£  bacteriophage  tagged 
with  P32, 
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They  showed  that  the  greater  fraction  of  the  isotope  was  detected 
in  the  soluble  fractions  not  containing  the  virus.  But  only  1/3  of 
all  the  isotope  was  found  in  the  subsequent  generations  of  the  virus . 

In  one  of  Ills  studies  Kozloff  (16U,  l£5)  carried  out  a  special 
investigation  of  the  mechanism  with  tfcich  M1?  and  P32  of  the  original 
tagged  T6  bacteriophage  are  utilized  for  the  synthesis  of  new  phage 
particles.  The  greater  fraction  of  the  original  virus  material  dis¬ 
covered  in  new  generations  was  formed  through  the  use  of  the  degrada¬ 
tion  products  of  the  original  virus  for  the  synthesis  of  new  viral 
nucleoproteids. 

A  considerable  quantity  of  nucleic  add  of  the  bacterial  cell 
is  also  used  for  the  synthesis  of  the  DNA  of  phages,  which  was  shown 
primarily  by  the  conversion  of  the  cellular  P32  into  the  viral  p32, 
detected  in  the  DMA.  of  the  bacteriophage.  This  was  confirmed  by  using 
tagged  purines  and  pyrimidines,  since  the  latter  move  from  the  cells 
into  the  nucleic  acid  phages. 

In  lysogonic  cultures  the  phage  particles  ware  converted  along 
with  these  the  absorbed  Yiral  particles  also  were  propagated,  such 
that  each  new  generation  of  cells  formed  with  phage  particles  adsorbed 
on  them.  In  the  given  instance  conversion  of  the  prophage  into  the 
phage  lysing  cells  with  the  release  of  viral  particles  into  the 
medium  was  often  observed. 


The  action  of  viral  particles  on  cells  is  capable  of  inducing 
profound  changes  in  these  cells,  observable  t y  objective  methods. 

A  rare  example  of  change  in  the  biological  properties  of  bacterial 
cells  under  the  influence  of  a  phage  can  be  seen  in  the  conversion 
of  the  nontoxigenic  strain  Corynabacterium  diphtheriase  into  a 
toxigenic.  The  reverse  transformation  has  also  proven  to  be  possible, 
regularly  occurring  in  the  loss  by  the  cells  of  the  lysogenic  phage. 
Thus,  Ye.  M.  Gubarev,  S.  A.  Kacherova,  and  G.  M.  Frenkel*  (166) 
observed  the  sudden  loss  of  toxin-formation  for  the  FW-8  strain, 
used  in  the  production  of  diphtheria  toxin,  and  established  that  in 
the  present  instance  formation  of  a  new  variety  occurred  with 
several  alto rod  properties.  The  appearance  of  a  lemon-yellow  pigment 
was  noted  in  this  variety,  as  well  as  small  changes  in  the  character 
of  gr (morphology  of  films  and  colonies),  and  changes  in  the 
enzyroobU-  activity  and  several  characteristics  of  the  chemical  com¬ 
position  of  the  culls. 


roll  iiti 
ph/.  go  , 
'iX'Uitela 


In  the  reports  of  Freeman  (167),  Freeman  and  Mores  (163)  a 
anal-ip  was  established  between  the  action  of  the  bacterial 
an.'1,  the  toxigcrucity  of  diphtheria  bacteria.  In  his  study 
l  1  J)  '  '.)pCu.  DGCl  orx  Gu*>G  5.' v*  i  oj.OiT.c»  Ox  t»hxo 
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phenomenon.  The  author  indicated  that  the  conversion  of  the  non-, 
toxigenic  C-U  Corynebacteriimi  diphtheriae  strain  into  the  toxigenic 
variety  (C-U  (P))  is  caused  by  the  action  of  the  betaphags.  The 
reverse  conversion  of  the  lysogenic,  toxin-forming  variety  D-li(F) 
into  the  nonlysoganic  state  C-U  is  accompanied  by  the  obligate  loss 
of  toxin-formation.  The  author  succeeded,  in  addition,  in isolating 
a  new  phage  capable  of  converting  the  C-)t  strain  into  the  lysogenic 
without  being  converted  simultaneously  into  a  toxigenic. 

Inasmuch  as  phages  are  parasitising  nucleoproteids  in  the 
bacterial  cells,  they  must  be  regarded  as  possessing  the  property 
of  causing  a  strongly  pronounced  variability  of  bacteria  which  is 
passed  on  through  heredity.  The  formation  of  varieties  of  bacteria 
with  sharp  differences  from  the  original  strain  under  the  influence 
of  phages  has  afforded  several  authors  adequate  grounds  even  to 
assert  that  the  phages  are  capable  of  converting  one  species  of 
bacteria  into  another  known  species.  Thus,  G.  N.  Lenskaya  (170) 
wrote j  .  ,  the  conversion  of  the  plague  bacillus  into  the  pseudo 
tubercular  takes  place  along  the  pathway  of  qualitative  transfor¬ 
mation  in  the  absence  of  intermediate  forms.  Only  one  conclusion 
is  possible,  that  the  addition  of  a  bacterial  phage  undoubtedly 
accelerates  the  process  of  species-f armation;  we  are  dealing  hero 
either  with  a  restructuring  of  the  noncellular  living  substance  and 
the  type  of  metabolism  fcy  means  of  this  factor,  or  we  are  dealing 
with  the  acceleration  of  qualitative  changes  in  the  composition  of 
the  nutrient  medium  ... 

"And  thus,  on  the  basis  of  the  factual  material  presented 
we  assert  that  the  plague  bacillus  is  capable  of  being  converted 
into  the  pseudotubereular." 

Demonstrating  that  the  plague  bacillus  before  its  conversion 
into  the  pseudotubereular  differs  markedly  from  tho  latter  in  diver:, 
particulars,  including  a], so  response  to  the  bacterial  phage,  G„ 
Lenskaya  wrote:  "To  the  extent  that  difference  in  metabolism  exists 
it  also  exists  in  response  to  the  bacterial  phage.  It  is  enough  to 
state  that  the  plague  bacterial  phage  does  not  cause  lysis  of  the 
pseudotubereular  microbe.  Unfortunately,  in  many  studies  concerned 
with  this  question,  the  term  ‘pseudotuhercular®  bacterial  phage  bus 
\x>.en  designated  as  being  of  a  little  studied  nature,  which  lyses 
both  the  plague  and  tho  pseudotubereular  bacilli  .," 

However,  Gunnison  and  Lazarus  (171)  showed  that  the  strain 
of  the  F.  pestis  phage  tested  by  them  caused  lysis  not.  only  of  i 


host  but  also  lysed  19  of  27  strains  of  P.  pseudotuberculosis  selected 
and  six  of  37  strains  of  Schigella  dysentenaa,  More  recently  these 
sane  authors  (172)  showed  that  the  plague  bacillus  phage  selected 
by  them  for  testing  lysed  31  of  1*0  P.  pseudotuberculosis  strains. 

AH  the  remaining  nine  strains  also  could  be  lyzed  by  the . phage 
tested,  but  after  its  adaptation  even  to  one  of  the  nine  initially 
unlyzable  strains.  The  phage  adapted  in  this  manner  following  trans- 
ferral  into  the  Schigella  dysenteriae  cultures  reverted  to  its 
original  properties  and  ceased  to  lyze  the  above  indicated  nine 
strains.  A  new  transferral  of  the  phage  into  the  culture  of  the 
already  utilized  strain  of  the  nine  strains  in  question  again  activated 
the  phage,  ancl  it  began  anew  to  lyze  all  the  1+0  P.  pseudotuberciuosis 
strains . 


With  such  a  variability  in  the  specific  antiplague  phages, 
s onetime s  without  even  adaptation,  lyzing  most  of  the  pseudotuber- 
cular  bacillus  strains,  the  suggestion  of  G.  15.  Lenskaya  to  use  a 
related  phage  as  a  criterion  for  deciding  whether  the  P.  pesti3 
has  made  a  transition  to  the  P.  pseudotuberculosis  can  hardly  be 
regarded  as  well  substantiated. 

In  1995  N.  N.  Zhykov-Verznikov  (159)  turned  to  the  prob¬ 
lem  of  the  conversion  of  the  plagua  bacillus  into  the  pseudotubercular. 
He  wrote:  "in  this  instance  the  modification  occurs  under  the  influence 
of  a  bacterial  phage  introduced  into  the  nutrient  medium."  As  shown 
by  N.  N.  Zhykov-Verzhnikov  et  al,  in  testing  the  S-form  of  one  of 
the  P.  pestis  strains  under  the  influence  of  high  phage  concentra¬ 
tion  was  entirely  lyzed,  bub  the  secondary  growth  appearing  after 
two  days  yielded  a  culture  containing  not  the  plague,  but  the  pseudo- 
tubercular  bacillus.  In  the  above  referred  to  article  (3-59)  the 
following  is  stated:  "detailed  investigation  has  shown  that  the 
culture  obtained  in  this  way  differs  from  the  original  by  more  than 
twenty  features.  Host  of  these  characteristics  coincide  with  the 
features  of  the  pseudotubercular  bacillus,  which,  as  is  know,  is 
close  to  the  plague  bacillus,  but  is  well  defined  independent 
species." 


Ar.;;in,artg  that  even  twenty  characteristics  distinguishing 
the  non  :;Uvd.n  from  the  original,  coincide  with  the  properties  of  the 
P.  poci' 'ot  iborcui-osis,  this  can  never  be  considered  as  objective  evidence 
of  the  ci".  'Osiou  of  one  cpecios  into  another.  With  little  trouble 
a  nuolx.v  i,  -ny  J.jnns  nv.ro  than  this  can  be  shown  as  representing  the 
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characteristics  in  -which  this  original  P .pestis  strain  before  its 
conversion  was  similar  to  P.  pseudotubereulosis  strain. 

However,  the  method  itself  of  obtaining  new  varieties  of 
the  plague  bacillus  by  the  action  of  the  bacterial  phage  deserves 
attention  and  was  thoroughly  evaluated  and  used  in  practice  both 
before,  as  well  as  after  the  investigations  of  K.  N«  Zhukov-Veresnilcou 
et  al. 


M.  P.  Pokrovska  in  1931  obtained  an  avirulent  mutant  called, 
the  AMP  strain  through  the  action  of  a  specific  bacterial  phage  from 
one  P.  pestis  strain,  which  mutant  exists  primarily  in  the  S-forn,, 

More  recently  the  same  author  (173,  1?U)  published  the  results  of 
many  years  of  study  of  the  AMP  plague  bacillus  strain.  Through 
these  observations  it  was  established  that  the  AMP  variety  retains 
stability  almost  complete  avirulency  and  other  newly  acquired.  Xta 
avirulency  was  tested  not  only  on  animals,  but  also  on  human  beings 
during  the  same  period  in  which  the  effective  agents  for  plague  treat*, 
ment  now  available  to  medicine  did  nob  exist*  M,  F«  Pokrevskya  first 
inoculated  herself,  and  then  several  volunteers  with  a  live  culture 
of  a  AMP  strain  and  suggested  its  use  as  a  live  vaccine  against 
plague.  However,  she  also  did  not  deal  with  the  problem  of  the 
conversion  of  P*  pestis  into  another  species  under  the  action  of  a 
bacterial  phage* 

V.  M*  Tumansldy  in  1937  (2)  treating  nineteen  different  P. 
pestis  strains  with  an  antiplague  bacterial  phago,  obtained  from 
one  of  those  a  stable  mutation.  The  Tumanskiy  strain  proved  to  be 
similar,  in  several  cultural  and  immunobi ol ogl cal  properties ,  idth 
typical  P.  pseudotuber culosi s  strain.  The  author  was  more  inclined 
to  study  here  the  conversion  of  one  species  into  another,  but/  made 
the  'following  reservation!  "it  must  be  assumed  that  our  strain  ns 
a  mutant  of  the  plague  bacillus  must  be  distinguished  from  the  pnm?d<> . 
tubercular  bacillus,  but  we  cannot  yet  explain  this  rBffo,ce:o.no.->I! 


SHIFTS  IN  THE  METABOLISM  CF  THE  PLAGUE  BACILLUS  MAKING 
IT  SIMILAR  WITH  THE  PSEUD OTUEERCUIAR  BACILLUS 
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Conversion  of  the  plague  bacillus  of  pseudotuberculosia  of 
rodents,  beginning  in  1929,  has  been  frequently  noted  ty  co-workers 
of  the  Saratov  Antiplagus  Institute.  These  transformations  have 
been  described  for  old  laboratory  strains  of  the  plague  bacillus 
and  have  been  related  with  substantial  changes  in  their  metabolism 

Several  properties  of  newly  formed  varieties  of  continental 
strains  of  the  plague  bacillus  are  identical  with  natural  strains 
of  the  causative  of  the  pseudotuberculosis  of  rodents.  The  observa¬ 
tions  referred  to  have  also  provided  grounds  for  drawing  a  conclusion 
of  the  conversion  of  the  plague  bacillus  into  the  bacillus  of  pseudo¬ 
tuberculosis  of  rodents.  However,  the  difficulties  in  distinguishing 
old  Laboratory  strains  of  the  plague  bacillus  from  pseudotubercular 
must  always  be  leapt  in  view.  We  are  not  at  all  inclined  to  evaluate 
these  changes  as  transformation  of  one  species  into  another  existing 
species,  but  consider  it  useful  to  examine  the  facts  that  are  of 
much  impor banco  in  the  investigation  of  widely  distributed  processes 
of  far-ranging  variability  characteristic  of  many  microorganisms. 

Shifts  in  Carbohydrate  Metabolism 

The  general  direction  in  altered  carbohydrate  metabolism  of 
plague  o' oillurj  strains  found  in  live  museum  cultures  amounts  to  an 
increase  in  their  fermenting  ability.  A  typical  freshly  isolated 
strain  of  the  plague  bacillus  has  an  ability  of  fermenting  carbo- 
Lydr.vbui  that  is  many  times  less  pronounced  than  old  laboratory 
strain; 


)  !.  renoa-onera  agree  that  the  pseudotubercular  bacillus 
oxj.di/.i  ,  ys,  vitas  more  energetically  than  does  the  plague 
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bacillus.  In  this  connection,  the  range  of  sugars  fermentable  by 
the  pseudotubercular  bacillus  is  considerably  broader.  Change  in 
tho  properties  of  the  plague  bacillus  which  lie  in  the  direction  of 
making  it  similar  with  the  bacillus  of  pseudotuberculosis  of  r  odents 
is  associated  with  an  increase  in  fermenting  activity  of  P.  pestis. 
Tliis  is  clear  from  data  in  Table  7  and  has  been  confirmed  by  quanti¬ 
tative  determinations  carried  out  in  a  study  of  the  intensity  of 
ramose  decomposition  by  strains  of  P.  p.  :itis  and  P*  pseudotubercu 
losis  (N.  N.  Ivanovskiy  and  V.  S.  Basbeva)  (176). 


TABLE  7 


Response 

Substrate 

Plague 

Bacillus 

Arabinose 

/  (") 

Xylose 

/  - 

Ramno3Q 

-  (/) 

Sorbose 

-(/) 

Toward  Carbohydrates 
Pseudotuberculasis 
Bacillus 


l 


Symbols j  /  ferments;  -  does  not  ferment;  /  (-)  mast 
strains  ferment,  a  minority  do  not;  -  f/) 
most  strains  do  not  ferment,  a  minority  do; 
/  -  some  strains  ferment,  others  do  not. 


Shifts  in  the  Ability  to  Oxidize  Polyatomic  Alcohols 


Shifts  in  tho  ability  to  oxidize  polyatomic  alcohols  in  the 
process  of  the  variability  of  the  plague  bacillus  are  unquestionable 
and  consist,  principally  in  changes  in  it3  carbohydrate  metabolism,, 
Polyatomic  alcohols  are  oxidized  considerably  more  readily  and  in 
greater  number  by  the  pseudotubercular  bacillus  than  by  the  plague 
bacillus*  Tliis  can  be  seen  from  data  given  in  Table  8. 


In  this  way,  it  is  apparent  that  the  variability  of  the  plague 
bacillus  along  the  line  of  making  it  similar  with  the  pseudotubercular 
is  caused  by  a  considerable  intensification  of  use  of  polyatomic 
alcohols  by  P.  pestis  cells.  From  this  point  of  view  it  is  completely 
understandable  that  all  "newly  formed"  cultures  of  -the  psaudotuborcu'lar 
bacillus  are  obtained  only  from  one  variety  of  the  plague  bacillus , 
which  intensively  decomposes  glycerin.  It  is  probable  that  in  the 
future  a  microbe  similar  to  P.  pseudotuberculosis  will  obtained  also 
from  tho  "oceaaio"  strains,  although  it  can  be  said  in  advance  that 
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this  approach  will  be  longer,  than  the  path  necessary  for  obtaining 
this  variety  from  the  " continental’1  strains*  It  ■will  lie  along 
a  previous  formation  from  a  glycerin-negative  strain  of  a  glycerin¬ 
positive,  and  only  after  this  will  there  ba  a  possibility  of  its 
further  approaching  the  P.  pseudotuberculosis * 

In  conclusion  it  must  be  emphasized  that  in  general  poly¬ 
atomic  alcohols  are  oxidized  with  considerably  more  difficulty 
than  are  monosaccharides,  by  both  species  of  bacilli. 


TABLE  8 


Substrate 


Response  to  Polyatomic  Alcohols 
Plague  ~  Ps QUdot'ubQ r  culosi s 
bacillus  bacillus 


Glycerin 

Erythrite 

Dulcite 


4 


Symbols:  /  ferments;  -  does  not  ferment;  -  (/)  most 
strains  do  not  ferment,  a  minority  ferment; 

£  moat  trains  ferment,  others  do  not. 

There  is  considerable  contradictory  data  in  the  literature 
on  the  problem  of  tho  oxidation  of  alcohols  by  the  plague  and  by 
the  pseudotuber cular  bacilli.  This  is  due  to  the  fact  that  the 
authors  have  dealt  with  cultures  found  in  different  stages  of  vari¬ 
ability. 


Shifts  in  the  Nitrogen  Metabolism 

Several  authors  have  presented  information  on  the  ability  of 
various  stx-ains  of  P.  postis  and  several  strains  of  P„  pseudotuber¬ 
culosis  to  form  nitrites  vixen  they  are  cultivated  in  liquid  nutrient 
media.  In  attempts  to  analyze  this  ability  from  the  aspect  of  geo¬ 
graphical  origin  of  tho  strains,  it  has  not  been  possible  to  establish 
relationships  analogous  to  their  response  to  glycerin. 

A ■■v.ioa.la  ir:  a  source  of  nitrites  in  the  cultures  of  plague  and 
psoudci.i.! mil ar  bacilli.  As!  is  widely  know,  oxidation  of  ammonia 
It.t..  •>  '  i  ?>■•'  'J.  is  an  aerobic  process.  The  plague  bacillus  is 


more  aerobic  than  the  pseudotubercular,  and  therefore  the  strains 
of  the  plague  bacillus  form  nitrites  in  greater  amounts  than  the 
strains  of  the  causative  of  rodent  pseudotuberculosis  (Table  9)« 

In  addition  to  this,  it  is  important  to  emphasize  also  the 
evolution  of  this  process  in  the  plague  bacillus  strain. 

The  ability  to  oxidize  arnonia  into  nitrous  acid  decreases 
for  plague  bacillus  cultures  as  we  proceed  from  strains  of  "oceanic" 
origin  to  strains  of  "continental"  origin,  and  further  to  strains 
of  rodent  pseudotuberculosis,  where  it  is  expressed  either  weakly 
ctr  not  at  all.  Urease  activity  in  plague  bacillus  strains  appears 
extremely  weakly,  and  with  the  usual  methods  employed  in  micro¬ 
biology  often  is  not  detected.  To  the  extent  of  changes  appearing 
in  the  metabolism  of  the  plague  bacillus  in  the  general  direction 
of  making  it  similar  to  the  metabolism  of  the  pseudotubercular  microbe, 
urease  activity  increases. 


*PARj.y.  9 


Strain  Intensity  of  Nitrite  Formation 

P.  pestis  ("oceanic") 

P.  pestis  No  66  ("oceanic") 

P.  pestis  No  708  ("Oceanic") 

P.  pestis  No  135  ("continental") 

P.  pseudotuberculosis  No  1 
P.  pseudotuberculosis  No  6 
P.  pseudotuberculosis  No  31 
P.  pseudotuberculosis  No  65 
P.  pseudotuberculosis  No  67 

Symbols;  /  fermsrrtsj  -  does  not  ferment j  £  some  strains  ferment, 
others  do  not. 


For  the  causative  of  rodent  pseudotuberculosis  urease  activity 
is  pronounced  strongly  (Table  10). 

TABUS  10 


Strain 

Activity  of  Urease  in  Arbitrary  Units 

pestis  EV 

0 

pestis  No  hl6 

0 

pestis  No  7k 

20.^ 

pestis  ZH7R 

82 

pseudotuberculosis  No  31* 

17U 
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In  connection  with  the  investigations  referred  to,  the  evolu¬ 
tion  of  the  plague  bacillus  as  it  becomes  similar  to  the  psetsdo- 
tubereular-  is  sketched  in  the  following  way.  "Oceanic"  strains  exhibit 
a  decreased  fermenting  ability,  they  do  not  decompose  glycerin  and 
contain  neither  urease  nor  the  Pt  antigen  (of  chapter  on  P.  pestis 
antigens) .  Oft  the  ether  hand,  "continental"  strains  emerge  from 
"oceanic"  strains,  with  higher  fermenting  ability,  which  appears 
in  the  new  strains  as  glycerin  oxidation.  "Continental"  strains 
to  a  greater  or  lesser  extent  are  urease -positive  and  possess  an 
additional  antigen. 

These  properties  are  still  more  manifest  in  the  strains  of 
the  pssndcftubcx'cular  bacillus. 

In  this  --ay,  increase  in  urease  activity  in  the  plague  bacillus 
strains  represents  a  shift  in  their  metabolism  in  the  direction  of . 
f orating  a  now  stable  variety  similar  in  certain  respects  with  P. 
poeudotwber culosis . 

In  the  opinion  of  V.  M.  Tumaa3ld.y  (2)  P*  pestis  cells  and 
F.  psoudotubereiilosis  cells  have  general  antigenic  properties,  in 
which  the  antigen  of  tee  pseudotuberoular  bacillus  is  more  active 
than  the  antigen  of  the  plague  bacillus.  This  position  has  been 
wholly  confirmed  by  experiments  on  urease  obtained  from  the  pseudo- 
tubercular  and  from  the  plague  bacilli. 

Urease  is  a  globulin  with  well-defined  antigenic  properties. 

For  several  animals  urease  is  a  powerful  toxin.  At  least  one  of  the 
general  antigens  of  the  plague  and  the  pseudotubercular  bacilli  is 
urease.  The  plague  bacillus  possesses  low  urease  activity  and  in 
addition  it  is  a  poor  antigen.  The  pseudotubercular  bacillus,  on 
tk>  ybbor  hand,  exhibits  high  urease  activity,  making  it  in  this 
respect  one  of  the  leading  pathogenic  microbes,  and  it  also  has 
good  ao;i  j  genic  activity.  The  parallelism  between  the  antigenic 
activity  of  those  microorganisms  and  their  urease  ability-  is  apparent. 

it '-r,n  time  comparison  we  can  draw  the  supposition  that  to  the 
ext.  nt  or  i ncrcascd  uroase  content  in  the  plague  bacillus  strain, 
the  an  >.<■  u  .-.bared  in.  common  with  the  pseudotubercular  bacillus  also 
increa:  '-u  quantity  in  the  plague  strains. 

•  fy  nod  T.  D.  Sasyia.ua  (177)  recorded  the  ob- 
o  :.  '  ,•!’  60  plague  bacillus  stxu&ns  only  three  had  aldehydrase 

!  oil  •  ■  ■  !  weakly  manifested.  At  the  same  tine  all  of  the 

■d?  i > •  icsudotuberculosis  examined  by  them  exhibited  a 

sh  ip  i-iuiicod  :  Idfiliydvaca  activity. 
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Aldehydrase,  included  in  the  group  of  yellow  oxidative  emysnefs.,, 
is  of  great  interest  in  Connection  with  the  variability  of  the  plagi® 
hacillus  in  the  direction  of  making  it  similar  with  the  pseudotuter- 
cular, 

A  sharp  increase  in  the  aldehydrase  activity  when  plague 
bacillus  strains  are  stored  in  the  laboratory  must  be  regarded  as 
a  process  of  radical  rearrangement  of  the  plague  bacillus  respira¬ 
tion  type  into  a  more  anaerobic  type. 

We  can  note  the  shifts  in  the  peroxidase  and  catalase  activity 
from  the  data  in  Table  11, 

« 

Analysis  of  the  observations  described  provides  grounds  for 
supposing  that  the  axybiotlc  processes  decrease  in  the  plague  bacil~ 
lus  going  from  the  "oceanic1’  strains  to  the  "continental"  and  reach 

TABLE  11 

Enzymatic  activity  in 
arbitrary  units 

Enzyme  plague  pseudotuberculosia 

bacilluo  bacillus 

Peroxidase  5,2  2,2 

Catalase  8,0  6.3 

the  lowest  value  in  the  varieties  akin  to  the  pseudotuber cular  bacillus 

The  plague  bacillus  during  its  existence  under  various  con¬ 
ditions  of  the  external  environment  exhibits  a  pronounced,  capacity 
for  variability «  The  newly  formed  varieties  of  P«  pestle  appear 
related  in  their  biochemical  properties  with  several  strains  of 
P,  pseudotuborculosise  Analysis  of  the  available  material  on  the 
biochemical  activity  of  this  bad. Hus  leads  to  the  conclusion  that 
the  plague  bacillus  is  an  aerobe  to  a  greater  extent  than  the  pseudo  - 
tubercular.  In  favor  of  such  a  conclusion  is  the  evidence  of  an 
increase  in  the  fermentative  activity  in  the  transition  from  plaguo 
to  pseudotubercular  bacillus.  The  latter  shows  a  high  fomenting 


and  aldehydrase  ability  and  reduced  levels  of  catalase  and  peroxi¬ 
dase.  The  plague  bacillus  is  characterized  by  contradictory  indices 
in  its  enzymatic  activity. 

In  this  way,  the  taslc  factor  determining  shifts  in  the  metabo¬ 
lism  of  P.  pestis  in  the  formation  of  varieties  siirdlar  to  P.  pseudo- 
tuberculosis  is  change  in  the  metabolism  type ,  which  consists  primarily 
in  an  increased  fermenting  activity  of  the  plague  bacillus. 

It  is  probable  that  in  connection  with  change  in  the  meta¬ 
bolism  type  observable  shifts  in  the  inoculation  number  of  various 
Pastourella  species  exist,  which  has  been  Indicated  by  Ye.  I.  Korobkova 
(178)  and  ty  Ye.  E.  Bakhrakh  (179). 
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DIFFERENTIAL  DIAGNOSIS  <r  TIE  PLAGUE  AND 
THE  PSEUDOTUBERCULAR  BACILLI 
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The  great  variability  in  the  plague  bacillus  has  created  a 
considerable  difficulty  in  distinguishing  it  from  the  causative  of 
rodent  pseudotuberculosis. 

For  typical  cases  conducting  a  differential  diagnosis  between 
tho  plague  bacillus  and  the  pseudotuberculosis  bacillus  is  not  beset 
with  difficulties. 

Distinguishing  the  plague  bacillus  from  the  rodent  pseudotu¬ 
ber  cular  bacillus  is  most  convincingly  demonstrated  not  in  various 
artificial  nutrient  media  but  in  animals  susceptible  to  the  causa¬ 
tives  of  these  diseases,  whose  tissue  is  a  medium  for  tho  habitation 
of  the  bacilli  in  question. 

The  plague  and  the  pseudotubercular  bacilli  are  two  different, 
species.  They  have  no  common  circle  of  animal-curriers „  Many  obsor 
vations  of  various  authors  have  quite  precisely  established  the 
circle  of  animals  which  suffer  from  plague  and  pseudotuberculosl  r 
of  rodents.  Undoubtedly,  the  metabolism  of  the  animals  has  an  of  h:c 
on  the  vitality  of  the  microorganism  introduced;  in  some  species  of 
animals  microbes  perish,  in  others  they  develop  and  multiply?. 

It  is  necessary  to  emphasize  the  leading  rolo  of  protein 
(nitrogen)  metabolism  and  of  one  of  its  end  products.  The  most 
diverse  organisms  —  single -celled  and  poly-celled  <■>■»  cells  of 
plant  origin  and  from  the  animal  world  form  ammonia  during  the 
process  of  their  intracell.u3.ar  metabolism.  Ammonium  io  a  proto¬ 
plasmatic  poison  for  all  cells,  'the  difference  lies  only  in  the 
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fact  that  some  are  mere  resistant  to  it  and  others  are  more  sensi¬ 
tive,  D.  N.  Pryanishnlkov  has  established  that  ammonia  in  plant 
organisms  is  deposited  in  thB  form  of  the  amide  of  anunoauccinie 
add  ( asparagin) «  It  has  been  shown  that  in  animal  organisms  as 
well  this  type  of  ammonia  fixation  (glutamine)  (180)  is  widespread. 

Other  forms  of  fixation  of  ammonia  in  animals  are  represented 
by  urea  and  uric  add.  It  is  important  to  note  that  only  those 
animals  in  which  the  main  mass  of  ammonia  is  excreted  in  the  form 
of  urea  suffer  from  plague.  Animals  excreting  ammonia  either  as 
such,  or  primarily  in  the  form  of  uric  add,  are  nonsusceptible  to 
plague .  However,  not  all  animals  of  the  indicated  type  suffer 
from  plague.  Fctr  example,  dogs  and  to  a  certain  extent  cats  are 
not  susceptible  to  it. 

From  the  epidemiological  point  of  view  the  ammonia  response 
of  small  animals  included  in  the  rodent  group  -which  are  carriers  of 
plague  infection  in  nature  is  of  spedal  interest.  It  has  been 
established  that  the  susceptibility  of  animals  of  this  group  to 
plague  and  their  resistance  to  ammonia  to  a  certain  extent  pro¬ 
ceeds  in  parallel  to  each  other  —  the  animals  least  resistant  to 
plague  are  the  least  resistant  to  ammonia  (Table  12). 


TABIE  12 

Smallest  fatal 
dose  of  ammonia 
per  100  g  of  body 

Animal  vjeight  in  mg 

Small  marmot 

House  mice  219 

Noontime  sandwort  ll+O 

Burrowing  sandwort  121* 

Hero  it  must  also  be  emphasized  that  the  resistance  of  animals 
to  am:  rift  depends  on  their  physiological  condition:  sleep,  the 
character  of  nutrition,  etc.,  and,  therefore,  several  deviations 
from  l.bo  general  rule  are  know. 

-ole  of  glut ax-iine  in  ammonium  metabolism  in  the  organism 
is  iawi,  which  amounts  to  the  removal  of  ammonia  from  the 

tiasw  7ar; ations  in  the  glutamine  in  tissues  constitutes  one  of 
the  ■'.’■•.is  aspects  of  nitrogen  metabolism.  As  can  be  seen  from 
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the  data  of  Ferdman  (180) ,  hibernation  reflects  sharply  on  the 
glutamine  content  in  tissues. 

The  circle  of  animals  suffering  from  pseudotuberculosis  of 
rodents  is  considerably  broader  than  that  affected  by  plague.  Most 
animals  excreting  ammonia  primarily  in  the  form  of  urea  are  apparently 
subject  to  this  infection,  as  well  as  representatives  of  animals 
excreting  ammonia  chiefly  in  the  form  of  uric  acid  (birds). 

The  intensity  of  their  metabolism  probably  plays  a  large 
role  in  the  susceptibility  of  animals  to  plague.  In  general,  it 
can  be  said  that  plague  affects  animals  only  with  an  intensive 
metabolism. 

Convincing  evidence  of  the  presence  of  a  relationship  between 
metabolism  intensity  and  plague  susceptibility  of  the 


TABLE  1,3 


Glutamine  Content  in  the  Cardiac  Muscle  of  Marmots 


Condition  of  marmots 

Glutamine  content  in 
the  muscles  of  the 
heart  in  mg*$ 

Remarks 

Hibernating 

225 

Artificially 

Artificial  excitation 

180 

excited  marmot; 

Slimmer  Awakening 

130 

perish  immedi¬ 
ately 

organism  is  represented  by  the 

marmot  —  one  of  the  main 

carriers 

of  plague  infection  in  nature.  The  marmot  is  susceptible  to  plague 
only  during  the  period  of  its  active  life.  In  its  sleeping  period . 
when  its  metabolism  drops  to  a  minimum  and  protoin  metabolism  falls 
off  especially,  the  rodent  becomes  insusceptible  to  this  infection,, 
When  contaminated  with  plague  during  its  sleep  period  the  rodent  .in 
not  affected  by  it,  but  as  soon  as  such  an  infected  marmot  awake;;., 
its  metabolism  increases  sharply  and  after  several  days  following 
incubation  it  bocomes  diseased  by  the  plague,  Xn  ovary  ease  it 
must  be  emphasized  that  the  generalization  of  plague  infection  in 
the  sleeping  marmot  must  be  regarded  as  a  rare  exception,  and  not 
as  a  rule. 


Thus far  there  has  not  been  available  adequately  complete 
data  on  the  relative  susceptibility  of  various  species  of  rodents 
to  the  plague,  but  this  susceptibility  varies  among  rodents  and 
changes  as  a  function  of  the  animal* a  age  and  the  time  of  year. 

This  has  been  established  for  the  small  marmot,  for  the  Transbay- 
kalian,  for  the  noontime  sandwort,  and  for  other  animals.  The 
points  indicated  undoubtedly  serve  to  explain  the  divergence  in 
the  data  of  the  various  researchers  on  the  susceptibility  of  animals 
to  plague  infection. 


TREATMENT  (F  I^AQUE 
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In  the  human  disease  of  plague  and  of  several  species  of 
animals  they  experience,  over  a  course  of  three  four  days  a  star  ply- 
pronounced  septicinda,  thus,  according  to  the  data  of  British  Anti¬ 
plague  Commission  (1),  far  sixteen  persons  suffering  with  the  plague 
the  content  of  the  microbial  cells  in  one  ml  of  blood  before  death 
amounted  to  one  million. 

The  organs  of  the  human  and  animal  cadavers,  perishing  from 
plague  Infection,  contain  enormous  quantities  of  the  causative. 

The  amount  is  so  profuse  that  frequently  the  liver,  the  lungs,  the 
spleen,  and  the  marrow,  under  microscopic  examination  consist  of  tinouo 
solidly  packed  with  microbial  bodies. 

The  sharply  pronounced  invasivness  of  the  plague  bacillus, 
its  rapid  ability  to  multiply  in  the  tissues  of  animals  susceptible 
to  plague  also  leads  to  the  formation  of  a  great  quantity  of  micro¬ 
bial  bodies.  Through  the  intensively  increasing  mass  of  the  plague 
bacillus  alone  does  the  death  of  the  animal  result.  Thin  reliable 
and  well  known  observation  is  extremely  important  in  rmder  standing 
the  pathogenesis  of  plague. 

It  can  bo  said  with  complete  substantiation  that  the  most 
threatened  part  of  the  body  on  terms  of  the  pathogenesis  of  the 
plague  is  the  cardiovascular  system  (G„  P.  Rudnov  (I8l))„  Un¬ 
doubtedly,  a  great  role  is  also  played  in  the  pathogenesis  of 
plague  by  nonspecific  products  of  metabolism,  forming  due.  to  iivicv 
and  macro-organisms. 

Being  a  poor  antigen,  the  plague  bacillus  does  not  induce 
stable  and  sustained  immunity,  and  therefore  the  protect!/.'  powers 
of  the  macro  organism  need  not  be  recapitulated  since  thin  has  been 
dom  by  W.  N.  Zhukov-Verezhnikov  and  T,  W.  Mayskiy 
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From  our  point  of  view,  for  plague  the  factors  of  iimunity 
do  not  constitute  the  primary  significance,  but  only  secondary,  since 
even  the  best  antiplague  vaccines  reduce  the  fatality  of  persons  re¬ 
ceiving  inoculations  from  53  .it  to  36.5^.  In  addition,  of  course  we 
can  never  negate  the  value  of  vaccinating  population  in  plague  foci, 
since  vaccination  undoubtedly  promotes  a  decrease  in  the  susceptibility 
of  persons. 

Vaccination  of  population  is  carried  out  again  after  several 
months.  If  the  vaccine  also  creates  comparative  immunity  in  man 
against  bubonic  plague,  it  has  been  proven  to  be  completely  in¬ 
effective  in  regard  to  its  pulmonary  form. 

In  plague  prevention  Various  kinds  of  vaccines  are  used  — 

Icilled  and  live  5  the  latter  have  been  the  preferred.  The  live  anti- 
plague  vaccine  prepared  from  the  EV  strain  has  received  much  fame; 

.in  the  Soviet  Union  in  addition  to  the  latter  the  live  divaccine 
1-17  is  employed. 

Serotherapy  has  found  extensive  use  as  a  treatment  and  pre¬ 
ventive  agent  against  plague,  although  this  form  of  therapy  has  always 
and  especially  at  present  aroused  disagreement  in  the  estimates  of 
its  effectiveness.  The  basic  cause  of  disagreement  is  that  the  plague 
bacillus  is  a  poor  antigen,  and  therefore  cannot  be  used  successfully 
in  obtaining  an  antiserum  with  a  high  titer.  It  is  sufficient  to 
state  that  the  antiplagua  serums  produced  are  not  titrated.  In  use 
are  untiplugue  serums  from  the  blood  of  hcrses ,  and  also  of  other 
animals  immunized  by  various  means  —  by  live  virulent  and  avirulent 
strains  of  the  plague  bacillus  and  by  various  preparations  obtained 
from  their  cultures  (nucleoproteids,  polysaccharides,  filtrates,  etc.). 

Antiplague  serum  is  administered  to  the  patient  repeatedly 
and  at  high  doses  —  single  applications  of  200  ml,  and  the  total 
amount  of  serum  administered  to  the  plague  victim  often  reaches  1,?00 
ml.  The  mechanism  of  the  action  of  antiplague  serum  is  unclear  and 
the  point  of  view  of  various  authors  on  this  question  diverges  widely. 
Thus,  Sokhey  and  ’./agio  (183)  even  have  said  that  sulfathiazol  /■  serum 
ar.  mo  effective  than  sulfathiazol  alone,  but  they  believe  that 
,sr  Lfu'i  ur/.in  acts  boot  without  serum, 

•-'•o.vcrt  efforts  are  underway  to  use  purified  and  concen- 
.'.m  treating  plague.  We  are  speaking  here  of  the  use 
\1  u'.k'tnfL isolated  from  antiplague  serum. 

id,  present  in^spite  of  the  overwhelming  successes  of 
ii/,  Oerard  (18U)  believes  it  necessary  to  cotxblnne 
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using  antiserum  in  treating  plague  in  addition  to  the  new  antibiotics , 
especially  in  the  early  stages  of  the  disease,  when  the  toxic  factor 
often  is  prevalent  over  the  bacterial,  Aureorycin  is  the  only  anti¬ 
biotic  which  has  revealed  antitoxic  action  under  experimental  condi¬ 
tions,  other  antibiotics  have  shorn  only  antibacterial  action. 

According  to  tho  data  of  Gerard,  gamma -globulin  was  tested  on  monkeys 
infected  with  plague,  with  encouraging  results. 

Also  finding  use  in  the  treatment  of  plague  is  the  specific’ 
bacteriophage.  However,  the  initially  favorable  and  encouraging 
results  obtained  have  not  been  confirm d. 

It  can  be  supposed  that  the  authors  have  not  always  taken  into 
account  the . diversity  of  the  bacteriophage  strains,  the  decrease  in 
titer  when  it  is  stored,  and  the  stage  of  the  disease  at  which  it 
is  administered.  Nonetheless,  G.  P.  Rudnev  (l8l)  noted  that 
specific  bactoriophagotherapy  has  in  general  shown  a  favorable 
effect  on  the  course  of  plague  infection  --  a  distinct  inqprovemnt 
in  the  patient *s  condition  develops. 

According  to  the  data  of  M.  P.  Pokrovskaya,  the  plague  bacterio¬ 
phage  administered  intravenously  into  the  animal  organism  circulates 
in  the  blood  system  for  about  twenty  hours ,  while  injected  intra- 
muscularly  it  can  bo  detected  in  the  blood  even  after  seventy  hours 
(lob) ♦ 


M.  P.  Pokrovskaya  has  indicated  that  massive  doses  of 
plague  bacteriophage  in  vivo  have  shown  the  ability  of  completely 
lyaing  the  plague  bacillus.  The  latter  cannot  be  detected  neither 
in  the  tissues  of  the  animal  organism  nor  in  its  blood  smears.  However, 
the  animal  perishes  as  a  result  of  the  sharply  pronounced  intoxica¬ 
tion  by  the  plague  bacillus  toxin. 


In  this  way,  in  treating  plague  with  the  bacteriophage  the 
phenomena  of  intoxication  of  the  affected  animal  is  distinctly 
manifest  and  frequently  its  death  occurs  even  in  the  complete  absence 
of  live  cells  of  the  plague  bacillus  in  the  organic  in  is  tissues. 


From  what  has  been  said  it  follows  that  the  sped  fie  treat- 
mcnt  of  plague  victims  can  be  broken  down  into  two  basic  stages: 
controlling  the  septicemia  increasing  nr.  the  disea™  dev®lo""  -w 

the  oatS  ongoing  intensive  ideation’ of" 
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The  first  stage  in  the  treatment  of  plague  —  eliminating 
septicemia  —  has  been  dealt  with  through  the  use  of  the  most 
diverse  substances*  For  this  purpose  numerous  salves  (gray  mercury) 
and  injections  of  a  large  number  of  medicinal  substances  have  been 
employed:  collargol,  iodine,  and  corrosive  sublimate;  carbolic  add, 
quinine,  zinc  chloride,  lyugol*  solution,  and  many  others,  and  even 
surgical  intervention  has  been- resorted  to  —  lancing  of  the  buboes. 

G.  P.  Rudnev  has  especially  recommended  grey  mercury  salve 
in  treating  the  bubonic  form  of  the  plague*  This  salve,  according 
to  his  assertion,  provides  quite  good  results.  The  consent  of  0. 

?•  Rudnoy  referred  to  on  the  good  therapeutic  effect  of  mercury 
salts  deserves  special  attention.  In  addition  to  the  observations 
of  Xe.  K.  Gubarev  and  T.  1.  Lipatcrva  (1*8)  on  the  high  bactericidal 
activity  of  potassium  iodide  and  iodise,  which  appears  even  at  low 
concentrations  in  regard  to  the  plague  bacillus,  this  constitutes 
a  confirmation  of  the  view  point  that  ascribes  a  substantial  role 
to  urease  in  the  "continental"  strains  of  the  plague  bacillus,  the 
widely  recognized  most  virulent  in  the  pathogenesis  of  plague. 

As  is  known,  urease  is  a  catalytic  active  protein  with  a 
large  maker  of  sulfhydryl  groups,  Which  are  combined  with  mercury 
salts  and  are  easily-  inactivated  by  iodine  ions.  Urease  is  extremely 
sensitive  to  ions  of  mercury  and  iodine, of  which  the  literature 
contains  mary  reports*  The  favorable  effects  of  ions  of  mercury  and 
iodine  on  the  course  of  plague  infection  can  be  attributed  to  their 
inhibitor  action  on  the  urease  of  the  plague  bacillus. 

The  substances  indicated  and  the  methods  of  treating  plague 
victims  that  involve  these  sikstanoes  have  proven  to  be  in  general 
of  low  effectiveness  and  have  been  abandoned.  For  a  long  time  the 
efforts  of  may  researchers  to  obtain  a  medicinal  preparation  for 
treating  plague  have  been  unsuccessful  and  only  fairly  recently 
have  very  effective  compounds  been  found  among  the  antibiotics. 

This  approach  involves  the  use  of  sulfanaland.de  preparations  for 
the  purposes  indicated* 

The  synthesis  of  numerous  derivities  of  the  and.de  of  para- 
and.nosulf  onic  acid  and  their  extensive  use  in  treating  various 
diseases  has  stimulated  researchers  to  attempt  to  treat  plague  with 
sulfanalamide  preparations.  Sulfidino-therapy  of  human  victims  of 
the  plague  has  been  employed  abroad  since  1938  (186).  These  efforts 
have  yielded  encouraging  results,  but  insufficient  gains,  in 
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particular,  in  treating  the  primary  pulmonary  form.  However,  the 
combined  treatment  of  patients  suffering  from  the  primarily  pulmonary 
form  of  plague  with  sulfidine  and  methylene  blue  has  yielded  therapoud.it 
effects.  In  this  method  of  treating  the  patient  a  large  quantity 
of  sodium  salts  of  sulfidine  is  introduced  intravenously  or  intra¬ 
muscularly,  as  well  as  considerable  quantities  of  methylene  blue 
(187). 


At  present  the  use  of  antibiotics  in  the  treatment  of  plague 
has  reached  a  high  level.  Of  the  known  antibiotics  the  most  active 
in  this  connection  is  streptomycin,  which  has  firmly  been  established 
in  the  treatment  of  the  plague  (l88).  However,  it  has  several  short¬ 
comings.  These  pertain  primarily  to  its  ability  to  induce  in  bacteria 
streptomycin-resistant  forms,  frequently  preserving  their  virulent 
properties  in  this  transformation. 

However,  the  studies  of  Garber,  Nolle,  and  Caruso  (189)  have 
not  given  reason  to  fear  the  adaptation  of  the  plague  bacillus  to 
streptomycin  in  tho  organism  of  the  infected  animal.  The  authors 
reported  on  the  frequency  of  the  appearance  of  streptomycin-resistant 
P.  pestis  cells,  detected  in  cultures  grown  in  media  containing 
streptomycin  from  2  to  128  ED/ml.  The  resistant  forms  are  regarded 
by  the  authors  as  mutants  of  normal  cells.  However,  their  number, 
according  to  the  authors*  assertion,  is  so  low  that  in  the  strep¬ 
tomycin  treatment  of  animals  infected  with  virulent  strains  of  P. 
pestis  only  a  few  cells  of  resistant  mutants  survived. 

Prolonged  streptomycin  treatment  of  plague  victims  involv¬ 
ing  the  use  of  large  doses  leads  to  side  effects  that  are  extremely 
undesirable  in  view  of  the  toxic  properties  ocf  this  antlbodic. 
Streptomycin  has  a  considerable  antibacterial  activity  for  the  plague 
bacillus,  which  appears  at  an  antibiodic  concentration  of  1:1,^28,000. 

Streptomycin  was  introduced  into  the  practice  of  treating 
the  bubonic  and  especially  the  pulmonary  forms  of  the  plague  in 
19U6  by  Gerard.  Systematic  injection  of  streptomycin  into  the  plague 
victim  involving  fractional  doses  every  three  hours  initially  at 
the  rate  of  U.3  g,  and  then  1  g  per  day  has  yielded  very  good  thera¬ 
peutic  effects.  For  the  course  of  treatment  lasting  l6h  horn’s, 
about  7$  g  of  streptomycin  required.  When  this  treatment  is 
commenced  early  enough  it  i3  possible  to  save  almost  all  persons 
suffering  from  plague. 

The  mechanism  of  the  antibacterial  effect  of  streptomycin 
and  the  formation  of  microbial  cells  resistant  to  it  cannot  be  con¬ 
sidered  as  sufficiently  elucidated,  but  the  existing  fragmentary 
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facta  deserve  attention  and  to  some  extent  are  capable  of  illuminating 
its  curative  action  for  plague. 

The  resistance  to  antibiotics  and  chemotherapeutic  agents  has 
been  evaluated  by  many  authors  from  the  genetic  point  of  view  ( 190)  * 
According  to  this  theory,  a  certain  nuntoer  of  cells  (mutants) 
resistant  to  the  medicinal  are  spontaneously  formed  in  the  popula¬ 
tions  of  microbes* 

Supporters  of  a  second  theory  can  be  found  in  Sevag  and  Rosaaof 
(1^1)  who  were  not  able  to  demonstrate  the  existence  of  even  a  single 
streptomycin-resistant  cell  among  enormous  populations  of  sensitive 
cells  of  Micrococcus  pyogenis  var  aureus*  These  authors  unsuccess¬ 
fully  tried  to  detect  streptojycin-resistance  in  cells  growing  with¬ 
out  glucose  with  a  couplets  array  of  aidnoadds,  and  also  when 
cells  cultivated  in  the  presence  of  glucose,  bub  with  a  deficiency, 
of  aspartic  acid  or  phenylalanine.  However,  the  formation  of 
streptoirycin-resistant  cells  was  observed  in  a  medium  containing  a 
couplets  array  of  amLnoacida  and  glucose  under  aerobic  conditions 
and  in  contact  with  the  antibiotic*  After  the  cells  acquired  re¬ 
sistance  they  were  capable  of  multiplying  in  the  deficient  media 
referred  to  above* 

The  antiplague  action  of  streptomycin  is  similar  to  the  anti¬ 
bacterial  action  of  antibiotics  for  other  bacteria,  bub  in  connection 
with  the  fact  that  in  the  battle  of  the  animal  organism  with  plague 
infection  phagocytosis  of  bacilli  is  of  not  small  significance,  the 
stimulating  action  of  streptomycin  of  the  phagocytosis  of  several 
pathogenic  bacteria  in  vivo  must  be  noted,  thus ,  for  guinea  pigs 
infected  with  Mycobacterium  tuberculosis  cultures,  udder  the  influence 
of  streptonycin  phagocytosis  increases  strongly,  most  probably  due 
to  the  action  of  the  antibiotic  on  the  bacilli  (192) » 

In  the  treatment  of  plague  other  antibiotics  are  also  used, 
but  they  have  been  only  slightly  investigated.  Biomycin  was  used 
without  sucess  by  L,  N.  Makar ovskaya  (193).  Aureoirycin  has  yielded 
a  good  therapeutic  effect,  but  it  apparently  is  less  effective  than 
streptomycin  (19U)  although  it  exhibits  an  unquestioned  ability  to 
neutralize  the  action  of  the  plague  bacillus  toxin  in  experiments 
on  white  mice  —  animals  which  are  most  sensitive  to  it  1195)* 

Chloromycetin  has  yielded  positive  results  in  experiments  on 
white  mdcci  and  monkeys.  However,  Mercier(l96) ,  in  treating  human 
victims  <:•  -ho  primary  pulmonary  plague  was  compelled  to  abandon  it 


rapidly  and  turn  to  streptorycin  treatments,  which  lad  to  the  re¬ 
covery  of  the  victims,,  In  a  second  study  the  same  author  (197) 
and  also  Kram  reported  on  the  favorable  outcome  chloronycetic  treat¬ 
ment  used  for  patients  suffering  from  the  pulmonary  form  of  the 
plague. 


According  to  the  data  of  Quan,  Che,-  and  Meyer  (198),  chloro- 
rycetin  has  the  property  of  fixtating  the  plague  bacillus  toxin. 
Biojiycin,  lavomycetin,  and  sintonycin  apparently  are  not  of  interest 
as  therapeutic  agents  either  singly  or  in  combination  with  strepto- 
uycin. 


The  treatment  of  guinea  pigs  infected  with  plague  by  strepto¬ 
mycin  in  combination  elonolin  lias  afforded  a  better  effect  than 
treatment  with  streptorycin  alone.  However,  the  dosage  of  strepto¬ 
mycin,  the  mode  of  its  administration  into  the  organism  of  the 
patient,  and  also  the  time  of  commencement  and  duration  of  the  anti¬ 
biotic  treatment  have  a  substantial  effect  on  the  outcome  of  the 
disease.  It  must  be  emphasized  that  there  are  a  considerable  number 
of  cases  in  which  cultures  could  not  be  isolated  from  the  cadavers 
of  the  plague  victim  who  had  been  treated  with  antibiotics. 

In  addition,  it  must  be  noted  that  there  is  still  not  avail¬ 
able  the  necessary  clarity  in  the  evaluation  of  the  results  of  the 
use  of  various  antibiotics  in  plague  treatment.  It  is  enough  to 
recall  that  Gerard  (199)  evaluated  as  identical  the  therapeutic 
effect  of  streptorycin,  chloroirycetin,  and  terranycin  in  plague 
therapy.  He  reported  results  obtained  from  Madagascar  in  the 
treatment  of  patients  suffering  from  the  primary  pulmonary  plague 
with  streptomycin,  ohloronycetin  ( chloramphenicol) ,  and  terranycin 
in  the  following  form, 

ttf  ten  cases  in  which  patients  were  treated  with  streptorycin 
with  a  total  dose  of  12-20  g  administered  intramuscularly  one  case 
of  fatality  a  month  after  the  beginning  affection  from  secondary 
infection,  not  yielding  to  penicillin  and  other  antibiotics,  was 
recorded.  In  all  the  other  instances  rapid  disappearance  of  plague 
bacillus  from  the  sputum  took  place.  Of  eight  cases  in  which  another 
treatment  was  used  during  the  period  of  the  same  outbreak,  three 
patients  perished,  since  the  treatment  was  commenced  only  on  the 
third  day  of  the  disease  and  doath  occurred  after  a  few  hours 
following  commencement  of  the  treatment. 
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TRANSLATORS  SUMMARY 


This  book  presents  a  good  deal  of  general  information  on 
the  biology  and  evolution  of  the  plague  causative,  its  pathogenesis, 
and  the  clinical  aspects  of  plague  infection.  It  opens  with  a  survey 
of  research  done  on  the  plague,  emphasising  its  unsystematic  character 
and  its  general  neglect  of  the  variability  of  the  plague*  This  has 
given  rise  to  apparently  contradictory  data  in  the  literature. 

The  data  on  the  chemical  composition  of  the  plague  bacillus  is 
stressed  in  the  book  as  being  fragmentary  in  not  dealing  with  all 
of  the  cel],  constituents.  The  membrane  and  capsule  origins  of 
antigens  were  differentiated.  Aminoacid  composition  was  emphasized. 
Differences  in  virulency  were  tentatively  traced  down  to  chemical 
origins . 


The  Gram  properties  of  various  plague  strains  were  related 
with  polysaccharide  composition.  Various  nutrients  employed  by 
the  several  plague  strains  were  delineated.  The  Gram  straining 
method  was  used  to  classify  plague  bacillus  strains. 

An  outline  of  variability  in  plague  bacillus  metabolism 
was  presented.  The  plague  host  was  described  in  relation  to 
metabolic  changes  of  the  plague  bacillus.  Glycerin  oxidizing 
ability  was  used  to  further  differentiate  between  plague  bacillus 
strains.  This  ability  was  correlated  with  participation  in 
carbohydrate  metabolism.  Various  culture  environments  were  asso¬ 
ciated  with  differences  in  carbohydrate  metabolism. 

T.:  '  asis  for  plague  bacillus  adaptability  was  traced  to 

the  form*  cion  of  adaptive  enzymes}  these  were  briefly  enumerated 
and  described.  The  differing  responses  of  plague  strains  to 
anaerobic  n  d  aerobic  culture  conditions  were  delineated. 

/,>  rcr.cid  requirements  were  correlated  with  the  metabolic 
proco. >  the  plague  bacillus.  Lysis  was  associated  with  varying 
andnoac;-  ..sis. 


Sulfur  metabolism  was  briefly  correlated  with  various 
strains • 

The  different  responses  of  old  and  fresh  laboratory  strains? 
to  various  chemical  reactions  were  correlated  with  virulency  and 
antigenicity* 

Metabolic  differences  of  the  plague  and  the  pseudotubercular 
bacHLi  were  correlated  with  the  problem  of  distinguishing  thorn* 

Various  culture  environments  were  further  used  in  this  diffei'entiffibiov, 
Plague  bacillus  virulency  was  associated  with  duration  of  storage „ 
Metabolic  shifts  in  the  plague  bacillus  making  it  similar  to  the 
pseiidotubercular  bacillus  were  described#  The  bacteriophages  of 
the  plague  bacillus  and  their  possible  use  in  therapy  were  enumerated,, 
Toxins  and  the  hemolysin  of  the  plague  bacillus  were  correlated  with 
various  approaches  toward  therapy. 

Differential  diagnosis  of  the  plague  and  the  pseudotubei’- 
cular  bacillus  was  expounded  upon  briefly.  Treatment  of  the  plague 
was  held  to  involve  treatment  of  intoxication  of  the  organism  as 
well  as  antibacterial  action  of  serums  administered.  The  varying 
success  of  antibiotic  usewas  briefly  traced  in  time. 


-  END  ~ 
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